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NOTICE 
The views, opinions, and/or findings contained in this report are those 
of the author(s) and should not be construed as an official Nuclear Regulatory 
Commission position, policy or decision, unless so designated by other 
documentation. 
The Un i t ed  S ta tes  Nuclear  Regulatory  Commission con t rac ted  w i t h  P a c i f i c  
Northwest Labora to ry  (PNL) t o  p rov ide  t e c h n i c a l  ass i s tance  i n  e s t s b l i s h i n g  
ope ra t i ona l  gu ide l i nes ,  w i t h  r espec t  t o  r a d i a t i o n  c o n t r o l  programs and methods 
o f  m in im iz i ng  occupat iona l  r a d i a t i o n  exposure, a t  Low-Level Waste (LLW) d i s -  
posal  s i t e s .  The PNL, through s i t e  v i s i t s ,  eva lua ted  ope ra t i ons  a t  LLW d i s -  
posal  s i t e s  t o  determine t h e  adequacy o f  c u r r e n t  p r a c t i c e s  i n  m a i n t a i n i n g  
occupat iona l  exposures as low as i s  reasonably  ach ievab le  (ALARA). The da ta  
sought i nc l uded  t h e  s p e c i f i c s  o f :  ALARA programs, t r a i n i n g  programs, e x t e r n a l  
exposure c o n t r o l  , i n t e r n a l  exposure c o n t r o l  , r e s p i r a t o r y  p r o t e c t i o n ,  su rve i  1  - 
lance,  r a d i o a c t i v e  waste management, f a c i l i t i e s  and equipment, and ex te rna l  
dose ana l ys i s .  The r e s u l t s  o f  t h e  s tudy  i n d i c a t e d  t h e  f o l l o w i n g :  
The Rad ia t i on  P r o t e c t i o n  and ALARA programs a t  t h e  t h r e e  commercial 
LLW d isposa l  s i t e s  were observed t o  be adequate i n  scope and con ten t  
compared t o  s i m i l a r  programs a t  o t h e r  types o f  nuc lea r  f a c i l i t i e s .  
However, i t  should be noted t h a t  t h e r e  were many areas t h a t  cou ld  be 
improved upon t o  h e l p  ensure t h e  h e a l t h  and s a f e t y  o f  t h e  occupa- 
t i o n a l l y  exposed i n d i v i d u a l s .  
As a  r e s u l t ,  r a d i a t i o n  p r o t e c t i o n  p r a c t i c e s  were recommended w i t h  r e l a t e d  
r a t i o n a l e s  i n  o r d e r  t o  reduce occupat iona l  exposures as f a r  below s p e c i f i e d  
r a d i a t i o n  l i m i t s  as i s  reasonably  ach ievable.  I n  a d d i t i o n ,  recommendations 
were developed f o r  ach iev ing  occupat iona l  exposure ALARA under t h e  Regulatory  
Requirements i ssued  i n  10 CFR P a r t  61. 
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l . G  INTRODUCTION 
I n  J u l y  1981, t h e  Nuclear  Regu la to ry  Commission (NRC) pub l i shed  i t s  p ro-  
posed r u l e  (10 CFR 61) on t h e  d i sposa l  o f  l ow- leve l  r a d i o a c t i v e  wastes by sha l -  
low l a n d  b u r i a l .  Whi le  p u b l i c  comments on t h e  r u l e  were be ing  rece ived ,  t h e  
NRC under took severa l  s t u d i e s  t o  determine bo th  t h e  t o o l s  needed t o  implement 
10 CFR 61  and t h e  p o t e n t i a l  impact  o f  t h e  r u l e .  Th i s  document r e l i e s  h e a v i l y  
upon t h e  i n f o r m a t i o n  presented i n  two o f  these s tud ies .  
The f i r s t  s tudy was pub1 i shed as NUREGICR-3125 (PNL-4372). Researchers 
f rom P a c i f i c  Northwest Labora to ry  (PNL) v i s i t e d  comniercial Low-Level Waste 
(LLW) d i sposa l  s i t e s  t o  ga the r  i n f o r m a t i o n  on t h e  c u r r e n t  p r a c t i c e s  o f  waste 
d i sposa l ,  e s p e c i a l l y  t h e  aspects a f f e c t i n g  Rad ia t i on  P r o t e c t i o n  and ALARA (As 
Low As Reasonably Achievable)  programs. I n  a d d i t i o n ,  t h e  most re1  i a b l e  dose 
da ta  from t h e  s i t e s  was c o l l e c t e d  and analyzed t o  determine any d i s t i n c t  t r ends  
assoc ia ted  w i t h  s p e c i f i c  waste d isposa l  ope ra t i ons  o r  waste c h a r a c t e r i s t i c s .  
Where app rop r i a te ,  recommendations were p rov ided  t o  t h e  NRC and l i censees  i n  
areas t h a t  needed prompt a t t e n t i o n .  
The second s tudy  was an NRC s ta f f - gene ra ted  D r a f t  Environmental Impact 
Statement (NUREG-0872) f o r  sha l low l a n d  b u r i a l  o f  l ow- leve l  waste, which was 
pub l i shed  i n  September 1981. Th i s  document was p r i m a r i l y  concerned w i t h  t h e  
o f f s i t e  e f f e c t s  o f  implement ing 10 CFR 61. Wi th  respec t  t o  s a f e t y ,  a t t e n t i o n  
was focused on t h e  o f f s i t e  r a d i a t i o n  dose e f f e c t s  w h i l e  occupat iona l  dose 
e f f e c t s  were o f  secondary concern. 
The purpose o f  t h i s  document i s  two fo ld .  F i r s t ,  i t  presen ts  t h e  necessary 
and d e s i r a b l e  elements o f  a  good r a d i a t i o n  p r o t e c t i o n  program. Secondly, t h e  
impacts t h a t  10 CFR 61  requi rements a re  expected t o  have on s i t e  ALARA pro-  
grams a r e  discussed. Both o f  these d iscuss ions  a r e  based upon t h e  f i n d i n g s  o f  
NUREG/CR-3125 and t h e  subsequent a p p l i c a t i o n  o f  good h e a l t h  phys ics  p r a c t i c e s .  
The p resen t  document p rov ides  a  comp i l a t i on  o f  c u r r e n t  ALARA p r a c t i c e s  a t  
ope ra t i ng  commercial LLW d isposa l  s i t e s .  Th i s  i s  n o t  o n l y  in tended t o  be a  
re fe rence  source f o r  ope ra t i ons  o f  these s i t e s  b u t  should be cons idered as 
guidance i n  t h e  development o f  r a d i a t i o n  p r o t e c t i o n  programs f o r  f u t u r e  LLW 
f a c i l i t i e s .  It should be recognized t h a t  t h e  recommendations made i n  t h i s  
document a r e  o n l y  recommendations r a t h e r  than  requi rements.  Each f a c i l i t y  i s  
d i f f e r e n t  and t h e  recommendations g i ven  here  need t o  be t a i l o r e d  t o  f i t  t h e  
needs. Using t h i s  approach l i censees  and workers may bo th  b e n e f i t .  
It i s  a p p r o p r i a t e  a t  t h i s  p o i n t  t o  p resen t  a  d i scuss ion  o f  t h e  charac te r-  
i s t i c s ,  des ign and ope ra t i on  o f  a  r e fe rence  sha l low l a n d  b u r i a l  s i t e .  
1.1 SHALLOW LAND BURIAL SITE 
The s i t e  c h a r a c t e r i s t i c s  i n  t h i s  s tudy  a r e  based h e a v i l y  upon t h e  s i t e s  
developed i n  NUREG-0782 and on those descr ibed  i n  NUREGICR-3125. 
NUREG-0782 d iscusses b o t h  humid and a r i d  r e fe rence  d i sposa l  s i t e  l o c a-  
t i o n s .  A c u r r e n t l y  ope ra t i ng  a r i d  s i t e  i s  shown i n  F igu re  l and an o p e r a t i n g  
humid s i t e  i n  F i g u r e  2. The reference s i t e  chosen by t h i s  p resen t  s tudy  as 
assumed t o  be l o c a t e d  i n  a  humid Southeastern Un i t ed  S ta tes  l o c a t i o n  f o r  two 
reasons. F i r s t ,  t h e  l o c a t i o n  o f  a  s i t e  i n  a  humid c l i m a t e  i s  a  conse rva t i ve  
assumption based on r a d i o l o g i c a l  m ig ra t i on .  It i s  g e n e r a l l y  agreed t h a t  r a d i o -  
n u c l i d e s  a r e  more l i k e l y  t o  m ig ra te  i n  t h e  presence o f  mo i s tu re  than  i n  t h e  
absence o f  mo is tu re .  Second, 75% o f  t h e  waste generated over  t h e  n e x t  20 yea rs  
i s  p r o j e c t e d  t o  o r i g i n a t e  f r om sources i n  humid c l i m a t e s  and i s  expected t o  be 
disposed o f  i n  t h e  same reg ion .  
The NUREG-0782 re fe rence  s i t e  i s  descr ibed  i n  t h r e e  p a r t s :  s ta tement  o f  
performance o b j e c t i v e ,  genera l  s i t e  d e s c r i p t i o n ,  and f a c i l i t y  l a y o u t  and 
design. 
Wi th  respec t  t o  performance, t h e  f a c i l i t y  i s  p r o j e c t e d  t o  r e c e i v e  and 
d ispose o f  50,000 m3 o f  r a d i o a c t i v e  waste ove r  i t s  20-year o p e r a t i n g  l i f e .  
Th i s  i s  equal t o  25% o f  t h e  a n t i c i p a t e d  t o t a l  volume o f  waste generated 
n a t i o n a l l y .  The s i t e  i s  expected t o  d ispose o f  waste by sha l l ow  l a n d  b u r i a l  
on a  150-acre p l o t .  Th i s  l a n d  i s  t o  be owned by t h e  s t a t e  and leased  t o  t h e  
1  i censee. 
FIGURE 1. Opera t iona l  A r i d  LLW Disposal  S i t e  
FIGURE 2. Operat ional  Humid LLW Disposal  S i t e  
The general  s i t e  d e s c r i p t i o n  i nc l udes  hyd ro log i c ,  geo log ic ,  and demo- 
graph ic  c h a r a c t e r i s t i c s  o f  t h e  s i t e .  P r o t e c t i o n  o f  t h e  groundwater i n  t h e  
v i c i n i t y  o f  t h e  s i t e  i s  t h e  p r imary  reason f o r  imposing r e s t r i c t i o n s  on these 
c h a r a c t e r i s t i c s .  Towards t h i s  goal ,  t h e  re fe rence  s i t e  f u l f i l l s  t h e  f o l l o w i n g  
requi rements : 
Hydrology - Sur face and subsur face water  w i l l  n o t  i n t e r f e r e  w i t h  eng i-  
neered b a r r i e r s  f o r  t h e  r e q u i r e d  des ign per iod .  I n  a d d i t i o n ,  no streams, 
r i v e r s ,  o r  sources o f  d r i n k i n g  wate r  a r e  i n  p r o x i m i t y  t o  t h e  s i t e .  
Geology - Long te rm s t a b i l i t y  o f  t h e  s i t e  i s  assurred.  No cavernous 
media , steep s lopes,  o r  a c t i v e  f a u l t s  a re  l o c a t e d  near  t h e  s i t e .  There 
does e x i s t  a  s l i g h t  s lope  t o  t h e  s i t e  t h a t  a i d s  i n  su r f ace  wate r  r u n o f f .  
Demographic - The s i t e  i s  n o t  1  ocated near  any h e a v i l y  populated areas, 
popu la r  r e c r e a t i o n a l  areas, areas c o n t a i n i n g  un ique o r  endangered f l o r a  
and fauna, o r  areas w i t h  t h e  p o t e n t i a l  f o r  n a t u r a l  resource development. 
The s i t e  has a l a y o u t  s i m i l a r  t o  t h a t  shown i n  F igu re  3. A 2.4-meter 
h i g h  cha in  l i n k  fence runs t h e  l e n g t h  o f  t h e  s i t e  boundary and a l s o  d i v i d e s  
t h e  r e s t r i c t e d  and u n r e s t r i c t e d  areas. Disposal  ope ra t i ons  a r e  c a r r i e d  on 
w i t h i n  t h e  r e s t r i c t e d  area. 
TYPICAL DISPOSAL S ITE  LAYOUT 
ADMINISTRATIVE ANALYTICAL 
OFFICES LABS 
F I G U R E  3. Reference LLW Disposal S i t e  Layout  
Not a l l  o f  t h e  150 acres i s  assumed t o  be usab le  f o r  d i sposa l .  I f  waste 
t renches a r e  used w i t h  t h e  dimensions as  those  i n  F i gu re  4  and i f  waste con- 
t a i n e r s  a r e  randomly p l aced  i n  t h e  t r ench ,  t h e  s i t e  w i l l  p robab ly  u t i l i z e  
87 acres ove r  i t s  o p e r a t i o n a l  l i f e t i m e .  Th is  assumes t h e  c o n s t r u c t i o n  o f  
58 t renches  f o r  t h e  r e fe rence  d i sposa l  s i t e .  The l a n d  use r a t e  i s  c a l c u l a t e d  
t o  be 2.88 c u b i c  meters  o f  waste p e r  square meter  o f  l a n d  su r f ace  w i t h  these 
assumptions. The o r d e r l y  placement o f  waste con ta i ne rs ,  as r e q u i r e d  by  
10 CFR 61, i s  assumed t o  r e q u i r e  a  l a n d  su r f ace  area l e s s  than  t h e  87 acres.  
The rema in ing  approx imate ly  60 acres i n c l u d e  t h e  o p e r a t i o n a l  area and 100- foo t  
b u f f e r  zones as w e l l  as any l a n d  devoted t o  roads, work ing  areas, e t c .  
The t r e n c h  w a l l s  s l ope  a t  a  1:4 r a t i o  ( h o r i z o n t a l  t o  v e r t i c a l ) ,  b u t  t h i s  
may va ry  accord ing  t o  s o i l  type.  To decrease t h e  l i k e l i h o o d  o f  wa te r  c o l l e c -  
t i o n ,  t h e  t r e n c h  has a  1 degree s l ope  f rom end t o  end and f rom s i d e  t o  s i de .  
The s lopes t e r m i n a t e  i n  a  g rave l  f i l l e d  French d r a i n  which then  d r a i n s  i n t o  a  
g r a v e l - f i l l e d  sump. Several  s tandpipes a r e  l o c a t e d  w i t h i n  t h e  French d r a i n  
system o f  each t r e n c h  t o  a l l o w  p e r i o d i c  sampl ing o f  t h e  d r a i n  system. 
F a c i l i t i e s  a t  t h e  s i t e s  a re  g e n e r a l l y  t h e  same as those d iscussed i n  
NUREGICR-3125. They i n c l u d e  an A d m i n i s t r a t i o n  B u i l d i n g ,  a  S i t e  Access B u i l d -  
i n g ,  a Maintenance and Decontaminat ion B u i l d i n g ,  an Equipment Storage B u i l d -  
i ng ,  and a  Waste P repa ra t i on  B u i l d i n g .  A  t r u c k  check- in  s t a t i o n  and an 
A n a l y t i c a l  Labora to ry  a r e  o p t i o n a l  s t r u c t u r e s  because those f u n c t i o n s  may be 
handled i n  ano ther  b u i l d i n g .  These f a c i l i t i e s  a r e  desc r i bed  i n  t h e  f o l l o w i n g  
1  i s t :  
8 A d m i n i s t r a t i o n  B u i l d i n g  - Houses t h e  s i t e  management and t h e i r  suppor t  
personnel  ( s e c r e t a r i e s ,  c l e r k s ,  e t c .  ). 
8 S i t e  Access B u i l d i n g  - A  m u l t i f u n c t i o n  b u i l d i n g  (See F igu re  5 )  where s i t e  
access i s  c o n t r o l l e d ,  dos imet ry  i s  issued,  Rad ia t i on  P r o t e c t i o n  equipment 
and s u p p l i e s  a re  s to red ,  and personnel  e x i t i n g  t h e  r e s t r i c t e d  areas a r e  
surveyed. - In  a d d i t i o n ,  t h i s  area con ta i ns  change rooms, personnel  decon- 
t a m i n a t i o n  f a c i l i t i e s ,  r a d i a t i o n  p r o t e c t i o n  o f f i c e s  and coun t i ng  rooms. 
Maintenance and Decontaminat ion B u i l d i n g  - S t r u c t u r e  which houses v e h i c l e  
maintenance and genera l  equipment r e p a i r .  A  separa te  s e c t i o n  houses a  
v a r i e t y  o f  equipment decontaminat ion apparatus.  
8 Equipment Storage B u i l d i n g  - Where equipment and s u p p l i e s  a re  s to red .  
8 Waste P repa ra t i on  F a c i l i t y  - B u i l d i n g  where t ie- downs a re  removed and t h e  
waste i s  prepared f o r  f i n a l  removal f rom t h e  t r u c k  and placement i n t o  t h e  
t rench .  
8 Truck Check- in B u i l d i n g  - Opt iona l  - A smal l  s t r u c t u r e  p r i m a r i l y  used f o r  
hous ing one o r  two persons, shipment records,  and check- in  equipment. 
8 A n a l y t i c a l  Labs - Opt iona l  - Where o n s i t e  and o f f s i t e  samples a r e  analyzed 
- must be e i t h e r  w e l l  removed f r om s i t e  r a d i o a c t i v e  waste ope ra t i ons  o r  
w e l l  s h i e l d e d  f r om them. 
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The d i s c u s s i o n  o f  t h e  elements o f  an adequate r a d i a t i o n  p r o t e c t i o n  p ro-  
gram f o r  an LLW d i sposa l  s i t e  and t h e  impacts  o f  10 CFR 61 on t h a t  program a r e  
d iscussed  i n  t h e  f o l l o w i n g  t e n  chap te rs .  Chapters 2 th rough  4, e n t i t l e d  ALARA 
Program, T r a i n i n g  Program, and Ex te rna l  and I n t e r n a l  Exposure Con t ro l  a r e  
based upon c u r r e n t  p r a c t i c e s  a t  LLW d i sposa l  s i t e s .  The n e x t  f i v e  chap te rs ,  
R e s p i r a t o r y  P r o t e c t i o n ,  S u r v e i l l a n c e ,  Contaminat ion Con t ro l  and Decontamina- 
t i o n ,  Q u a l i t y  Assurance, and Procedures/Documentation a r e  a l s o  based upon 
c u r r e n t  -p r a c t i c e s ,  b u t  i n c l u d e  s i g n i f i c a n t  recommendations f o r  program improve-  
ment. The rema in i ng  chap te r  i s  a  d i s c u s s i o n  o f  t h e  a n t i c i p a t e d  o n s i t e  impacts 
o f  10 CFR 61 and recommendations on what can be done t o  m in im ize  t h e  adverse 
impacts  o f  t h i s  r u l e  on occupa t iona l  exposure l e v e l s .  
It i s  recogn ized  t h a t  ALARA'is p a r t  o f  any r a d i a t i o n  p r o t e c t i o n  program 
and i s  used as a  t o o l  f o r  t h a t  program. However, t h e r e  a re  c e r t a i n  aspects  o f  
an ALARA ph i l osophy  tha ' t  l e n d  themselves t o  be ing  f o rma l i zed ,  such as an ALARA 
committee. There fo re ,  Chapter 2.0 i s  devoted t o  d i s c u s s i n g  these  elements 
as p a r t  o f  a  f o r m a l i z e d  ALARA program. Throughout t h e  r e s t  o f  t h i s  document, 
t h e  use o f  t h e  t e rm  ALARA o r  ALARA program i s  meant t o  be p a r t  o f  t h e  r a d i a -  
t i o n  p r o t e c t i o n  program as opposed t o  a  separate  e n t i t y .  
R a d i a t i o n  p r o t e c t i o n  procedures and documentat ion a re  ve r y  i m p o r t a n t  b o t h  
f rom a  l e g a l  v i e w p o i n t  and t h e i r  everyday va lue .  As a consequence, t h i s  docu- 
ment has i n c l u d e d  s p e c i f i c  d i s cuss ions  o f  procedures and documentat ion i n  each 
chap te r  where a p p l i c a b l e  and i n  genera l  i n  Chapter 9.0. Documentation d i scus-  
s i ons  p r o v i d e  recommendations f o r  r a d i a t i o n  p r o t e c t i o n  personnel  on i n c i d e n t s ,  
t r a c e a b i l i t y ,  and t r e n d  a n a l y s i s .  
F o l l o w i n g  Chapter 10.0 i s  a  B i b l i o g r a p h y  which i s  s p e c i f i c  t o  each chap- 
t e r .  Th i s  method was chosen t o  m in im i ze  t h e  t ime  r e q u i r e d  t o  f i n d  a d d i t i o n a l  
i n f o r m a t i o n  n o t  o u t l i n e d  i n  t h i s  document. 
2.0 ALARA PROGRAM 
Cur ren t  occupa t iona l  r a d i a t i o n  exposure l i n i i t s ,  f o r  Low Level  Waste (LLW) 
d i sposa l  s i t e s ,  p r o v i d e  a  ve r y  low r i s k  o f  i n j u r y .  H~weve r ,  i t  i s  p ruden t  t o  
keep exposure, thus  r i s k ,  t o  "as low as i s  reasonably  ach ievab le"  (ALARA) and 
t o  assure t h a t  t h i s  r i s k  i s  assumed o n l y  i f  comparable b e n e f i t  i s  achieved. 
Thus, t h e  o b j e c t i v e  i s  t o  reduce occupa t iona l  exposures t o  as f a r  below t h e  
s p e c i f i e d  l i m i t s  as i s  reasonably  ach ievab le  b y  means o f  good r a d i a t i o n  
p r o t e c t i o n  p l a n n i n g  and p r a c t i c e ,  as w e l l  as by  management comniitment t o  ALARA 
p o l i c i e s .  The ALARA concept i s  a  p a r t  o f  t h e  r a d i a t i o n  p r o t e c t i o n  e f f o r t ,  n o t  
a  separa te  e n t i t y .  Whi le  c e r t a i n  a c t i v i t i e s  may be i d e n t i f i e d  and conducted 
as ALARA a c t i o n s ,  these  same a c t i v i t i e s  shou ld  a l s o  be p a r t  o f  a  ncrmal 
comprehensive r a d i a t i o n  p r o t e c t i o n  program. 
M a i n t a i n i n g  r a d i a t i o n  exposures, bo th  e x t e r n a l  and i n t e r n a l ,  a t  o r  below 
t h e  r e g u l a t o r y  l i m i t s  i s  n o t  o n l y  good p r a c t i c e  and l e g a l  p r o t e c t i o n ,  b u t  an 
o b l i g a t i o n  t o  t h e  LLW d i sposa l  s i t e  employees. Therefore,  e s t a b l i s h i n g  a  com- 
mon b a s i s  t o  compare t h e  c o s t  o f  r educ ing  r a d i a t i o n  exposure t o  t h e  b e n e f i t  o f  
hav ing  done so i s  impo r tan t .  I f  t h e  b e n e f i t  equa ls  o r  exceeds t h e  cos t ,  then  
t h e  ALARA p r a c t i c e  be ing  eva lua ted  shou ld  be implemented. However, cos t -  
b e n e f i t  a n a l y s i s  i s  n o t  t h e  o n l y  t o o l  t o  be used t o  eva lua te  exposure reduc-  
t i o n  methods and cannot  be s u b s t i t u t e d  f o r  sound p r o f e s s i o n a l  judgment. Those 
respons ib l e  f o r  r a d i a t i o n  p r o t e c t i o n  i n  d a i l y  ope ra t i ons  may need t o  r e l y  on 
i n t u i t i v e  r a t h e r  than  q u a n t i t a t i v e  eva lua t i ons .  The emphasis o f  t h e  p resen t  
document towards ALARA w i l l  be d i r e c t e d  t o  t h e  use o f  p r o f e s s i o n a l  judgment as 
opposed t o  a  q u a n t i t a t i v e  e v a l u a t i o n  o r  mathemat ica l  f o rmu la t i on .  The l a t t e r  
approach i s  commonly assoc ia ted  w i t h  t h e  " o p t i m i z a t i o n  process"  and has an 
o b j e c t i v e  o f  a s s i g n i n g  an accep tab le  c o s t  o r  d o l l a r  va lue  pe r  exposure u n i t .  
The f o l l o w i n g  d i s c u s s i o n  covers  t h e  areas o f :  (1) ALARA p o l i c y ,  ( 2 )  p ro-  
gram r e p o n s i b i l  i t y / a u t h o r i t y ,  ( 3 )  t r a i n i n g ,  ( 4 )  f a c i l  i t y / equ ipmen t  des ign,  
( 5 )  procedures,  ' (6)  c o n t r o l  s  , ( 7 )  prep1 anni  ng/mock-ups , and (8) program 
e f f e c t i v e n e s s .  
2.1 ALARA POLICY 
Ach iev ing  a  success fu l  r a d i a t i o n  p r o t e c t i o n  program r e q u i r e s  t h a t  t h e  LLW 
s i t e  management and personnel  a t  a l l  l e v e l s  be cogn i zan t  o f  and committed t o  
t h e  ALARA p i n c i p l e s  and goals .  I n  a d d i t i o n ,  a  u n i f i e d  e f f o r t  i s  e s s e n t i a l  f o r  
t h e  f u n c t i o n i n g  o f  t h e  program. 
An ALARA p o l i c y  s ta tement  should  be developed by  co rpo ra te  management and 
made a v a i l a b l e  t o  a l l  LLW s i t e  personnel .  Th i s  p o l i c y  s ta tement  shou ld  be 
w r i t t e n  t o  ensure t h a t  a l l  personnel  c l e a r l y  unders tand t h a t  implementat ion o f  
t h e  ALARA concept  i s  t h e  d e s i r e  and goal  o f  management, i s  t h e  r e s p o n s i b i l i t y  
o f  a l l  i n d i v i d u a l s  w i t h i n  t h e  f a c i l i t y  ( r ega rd l ess  o f  t h e i r  s p e c i f i c  de lega ted  
r e s p o n s i b i l  i t i e s ) ,  and t h a t  a1 1  personnel  w i l l  be eva lua ted  and he1 d  account-  
a b l e  f o r  performance accord ing  t o  t h e  program c r i t e r i a .  The p o l i c y  and 
commitment shou ld  be r e f l e c t e d  i n  w r i t t e n  a d m i n i s t r a t i v e  procedures and 
i n s t r u c t i o n s  f o r  ope ra t i ons  i n v o l v i n g  p o t e n t i a l  exposures o f  personnel  t o  
r a d i a t i o n  and shou ld  be r e f l e c t e d  i n  LLW s i t e  des ign  f e a t u r e s .  It shou ld  a l s o  
desc r i be  t h e  communications network f rom management t o  t h e  s t a f f  and t h e  feed-  
back t o  management t o  promote f u l l  s t a f f  p a r t i c i p a t i o n .  
The ALARA p o l i c y  s ta tement  shou ld  be based on t h e  f o l l o w i n g  c r i t e r i a  as a  
minimum: 
No p r a c t i c e  shou ld  be adopted un less  i t s  i n t r o d u c t i o n  produces a  p o s i t i v e  
n e t  b e n e f i t .  
A11 exposures shou ld  be kep t  as l ow  as reasonably  ach ievab le ;  t e c h n o l o g i -  
c a l ,  economic and s o c i a l  f a c t o r s  be ing  taken i n t o  account.  
The exposure t o  i n d i v i d u a l s  shou ld  n o t  exceed t h e  l i m i t s  recommended f o r  
t h e  a p p r o p r i a t e  c i rcumstances.  
2.2 PROGRAM RESPONSIBILITY/AUTHORITY 
The group r e s p o n s i b l e  f o r  c o o r d i n a t i n g  t h e  r a d i a t i o n  p r o t e c t i o n  program 
should  be o r g a n i z a t i o n a l l y  independent f r om  t h e  o p e r a t i o n a l  groups a t  an LLW 
d i sposa l  s i t e .  I f  t h i s  i s  n o t  accompl ished a  p o t e n t i a l  c o n f l i c t  o f  i n t e r e s t  
cou ld  a r i s e  between t h e  o p e r a t i o n a l  and r a d i a t i o n  p r o t e c t i o n  f u n c t i o n s .  I n  
a d d i t i o n ,  those  r e s p o n s i b l e  t o  coo rd i na te  t h e  program must have a  d i r e c t  l i n e  
o f  communication t o  t h e  s i t e  manager. As a  minimum, a  s p e c i f i c  i n d i v i d u a l  
shou ld  be ass igned t h e  r e s p o n s i b i l i t y  f o r  c o o r d i n a t i n g  t h e  program e f f o r t s .  
The s t a f f  member w i t h  o v e r a l l  respons i  b i l  i t y  f o r  t h e  program a t  an LLW d i s -  
posal  s i t e  shou ld  be t h e  Rad ia t i on  Sa fe t y  O f f i c e r  (RSO) o r  R a d i a t i o n  Pro-  
t e c t i o n  Manager depending upon s i t e  d e s i g n a t i o n  o f  t i t l e .  A recommended 
o r g a n i z a t i o n a l  s t r u c t u r e  i s  o u t l i n e d  i n  F i g u r e  6. 
As can be seen i n  F i gu re  6, t h e  RSO may share t h e  ALARA r e s p o n s i b i l i t i e s  
and f u n c t i o n s  w i t h  an ALARA committee. The r e s p o n s i b i l i t i e s  f o r  t h i s  add i -  
t i o n a l  o r g a n i z a t i o n a l  component a r e  d iscussed i n  Sec t i on  2.8.1 o f  t h i s  chap- 
t e r .  Even though one i n d i v i d u a l  o r  group i s  r e s p o n s i b l e  f o r  c o o r d i n a t i n g  t h e  
e f f o r t s ,  each LLW s i t e  i n d i v i d u a l  i s  r e s p o n s i b l e  f o r  unders tand ing  and c a r r y -  
i n g  o u t  t h e  ALARA p o l i c i e s .  It i s  e s p e c i a l l y  impo r tan t  t h a t  f i r s t - l i n e  super-  
v i s i o n  o f  a l l  r a d i a t i o n  exposure use r  components recogn ize  t h e i r  r e s p o n s i b i l i t y  
and unders tand and p r a c t i c e  t h e  ALARA concepts.  
The ALARA r e s p o n s i b i l i t i e s  a t  an LLW d i sposa l  s i t e  may a l s o  be shared 
between t h e  s i t e  manager and t h e  RSO. R e s p o n s i b i l i t i e s  o f  t h e  s i t e  manager 
shou ld  i n c l u d e  as a  minimum: 
ensure suppor t  f rom a l l  LLW s i t e  personnel  
p a r t i c i p a t i o n  i n  t h e  s e l e c t i o n  o f  ALARA goa l s  and o b j e c t i v e s  
p r o v i d e  suppor t  t o  t h e  RSO f o r  t h e  ALARA p o l i c i e s .  
LLW SITE I MANAGER 




FIGURE 6. ALARA Organ i za t i ona l  S t r u c t u r e  
R e s p o n s i b i l i t i e s  o f  t h e  RSO shou ld  i n c l u d e  as a  minimum: 
a implementat ion o f  i n t e r n a l  and e x t e r n a l  exposure c o n t r o l  programs 
a o p e r a t i o n a l ,  maintenance, and ALARA procedure development and rev iew 
a p a r t i c i p a t i o n  i n  development o f  t r a i n i n g  programs 
a p a r t i c i p a t i o n  i n  design, r edes ign  o r  m o d i f i c a t i o n  rev iews 
a s u p e r v i s i o n  o f  da ta  c o l l e c t i o n ,  a n a l y s i s  and e v a l u a t i o n  
a rev iew o f  preplanning/mock-up a c t i v i t i e s .  
2.3 TRAINING 
E f f e c t i v e  and success fu l  implementat ion o f  an ALARA program r e q u i r e s  
knowledge and unders tanding o f  ALARA p r i n c i p l e s .  Thus, t r a i n i n g  o f  LLW d i s -  
posal  s i t e  personnel  i n  ALARA p r i n c i p l e s  can be one o f  t h e  most impo r tan t  e l e -  
ments i n  a  r a d i a t i o n  p r o t e c t i o n  program. The t r a i n i n g  program shou ld  i n c l u d e  
i n s t r u c t i o n  f o r  a l l  LLW s i t e  personnel  and should  be g i ven  i n  c o n j u n c t i o n  w i t h  
t h e  r a d i a t i o n  p r o t e c t i o n  t r a i n i n g .  As a  minimum, t r a i n i n g  should  be g i ven  t o  
personnel  whose d u t i e s  r e q u i r e :  (1) work ing  w i t h  r a d i o a c t i v e  m a t e r i a l s ,  ( 2 )  
e n t e r i n g  r a d i a t i o n  o r  contaminated areas, o r  ( 3 )  d i r e c t i n g  t h e  a c t i v i t i e s  o f  
o t h e r s  who a r e  ca tego r i zed  by ( 1 )  o r  ( 2 )  above. The o v e r a l l  r a d i a t i o n  p r o t e c -  
t i o n  t r a i n i n g  program i s  d iscussed i n  d e t a i l  i n  Chapter 3.0 o f  t h i s  document, 
w i t h  t h e  p o r t i o n  s p e c i f i c  t o  ALARA be ing  covered i n  t h e  f o l l o w i n g  d iscuss ion .  
ALARA t r a i n i n g  a t  LLW s i t e s .  shou ld  be d i v i d e d  i n t o :  ( 1 )  genera l  employee 
t r a i n i n g ,  ( 2 )  r a d i a t i o n  worker/management t r a i n i n g  , and ( 3 )  r a d i a t i o n  p ro tec-  
t i o n  s t a f f  t r a i n i n g .  These t r a i n i n g  programs a r e  d iscussed i n  t h e  f o l l o w i n g  
t h r e e  sec t ions .  
2.3.1 General Empl oyee 
General employees who may e n t e r  a  r a d i a t i o n  area shou ld  be p rov i ded  spe- 
c i f i c  t r a i n i n g  i n  ALARA. A r a d i a t i o n  area i s  def ined i n  10 CFR 20 .202(b ) (2 )  
and as used here  i s :  
Any area, a c c e s s i b l e  t o  personnel ,  i n  which t h e r e  e x i s t s  r a d i a t i o n ,  
o r i g i n a t i n g  i n  whole o r  i n  p a r t  w i t h i n  l i c e n s e d  m a t e r i a l ,  a t  such l e v e l s  
t h a t  a  ma jo r  p o r t i o n  o f  t h e  body c o u l d  r e c e i v e  i n  any one hour  a  dose i n  
excess o f  5 m i l l i r e m ,  o r  i n  any 5 consecu t i ve  days a  dose i n  excess o f  
100 m i  11 i rems. 
Th i s  t r a i n i n g  shou ld  i n c l u d e  as a  minimum: 
a LLW s i t e  ALARA p o l i c y  
ALARA p r i n c i p l e s  
a management commitnient and r e s p o n s i b i l i t i e s  
a r a d i a t i o n  p r o t e c t i o n  group r e s p o n s i b i l i t i e s  and a u t h o r i t y  
a i n d i v i d u a l ' s  r e s p o n s i b i l i t i e s .  
2.3.2 R a d i a t i o n  Worker/Management 
Personnel who f r e q u e n t  r a d i a t i o n  areas a re  termed r a d i a t i o n  workers.  
ALARA t r a i n i n g  f o r  r a d i a t i o n  w o r k e r ' s  and management shou ld  i n c l u d e :  
a LLW s i t e  ALARA p o l i c y  
a ALARA p r i n c i p l e s  
a management commitment and r e s p o n s i b i l i t i e s  
a r a d i a t i o n  p r o t e c t i o n  group r e s p o n s i b i l i t i e s  and a u t h o r i t y  
a g r e a t e r  emphasis on i n d i v i d u a l  ' s  respons i  b i l  i t i e s  
a overv iew o f  ALARA program f u n c t i o n s  
a examples o f  ALARA techniques.  
2.3.3 - R a d i a t i o n  P r o t e c t i o n  S t a f f  
A  s t r o n g  r a d i a t i o n  p r o t e c t i o n  o r g a n i z a t i o n  i s  fundamental t o  r a d i a t i o n  
p r o t e c t i o n  and e f f e c t i v e  exposure r e d u c t i o n  t o  ALARA. A s s i s t i n g  i n  accompl ish-  
i n g  r a d i a t i o n  work w i t h  minimum exposure and m a i n t a i n i n g  personnel  exposure as 
low as p r a c t i c a b l e  has l o n g  been p a r t  o f  r a d i a t i o n  p r o t e c t i o n .  However, add i -  
t i o n a l  ALARA t r a i n i n g  shou ld  be p rov i ded  t o  emphasize i t s  importance. The 
degree o f  t r a i n i n g  p rov i ded  w i l l  va r y  w i t h  t h e  r a d i a t i o n  p r o t e c t i o n  s t a f f  mem- 
b e r s '  l e v e l  o f  exper ience,  fo rma l  educa t ion ,  and ass igned work f u n c t i o n s .  The 
t r a i n i n g  shou ld  i n c l u d e :  
a LLW s i t e  ALARA p o l i c y  
a ALARA p r i n c i p l e s  
a management commitment and r e s p o n s i b i l i t i e s  
a r a d i a t i o n  p r o t e c t i o n  group r e s p o n s i b i l i t i e s  and a u t h o r i t y  
a i n d i v i d u a l ' s  r e s p o n s i b i l i t i e s  
a overv iew o f  ALARA f u n c t i o n s  
examples o f  ALARA techniques 
f a c i l i t y l e q u i p m e n t  des ign  techniques 
management system f o r  ALARA implementat ion,  goal  development and measure- 
ment, and performance e v a l u a t i o n  
genera l  exposure r e d u c t i o n  techniques and s i t e - s p e c i f i c  p r a c t i c e s  
p e r i o d i c  updates v i a  s h o r t  courses, e t c .  
2.4 FACILITY/EQUIPMENT DESIGN 
The des ign  o f  f a c i l i t i e s  and equipment necessary f o r  t h e  performance o f  
work w i t h  r a d i o a c t i v e  m a t e r i a l s  p rov i des  an e a r l y  o p p o r t u n i t y  t o  ensure r a d i a -  
t i o n  exposures a re  as low as reasonably  ach ievable .  The des ign  process 
r e q u i r e s  c l o s e  c o o r d i n a t i o n  among many d i s c i p l i n e s  t o  accompl ish t h e  ma jo r  
o b j e c t i v e  o f  p r o v i d i n g  a usab le  f a c i l i t y  o r  p i ece  o f  equipment and t o  i n c o r -  
p o r a t e  r a d i a t i o n  p r o t e c t i o n  and ALARA p r i n c i p l e s  as w e l l .  
The des ign  should  be determined n o t  o n l y  by t h e  f u n c t i o n a l  cons ide ra t i ons  
o f  t h e  f a c i l i t y ,  o r  equipment, b u t  a l s o  by r a d i o l o g i c a l  f a c t o r s .  These f a c t o r s  
i n c l u d e  t h e  t ype  and q u a n t i t y  o f  r a d i o a c t i v e  m a t e r i a l  i n v o l v e d  and t h e  magni-  
tude o f  t h e  p o t e n t i a l  f o r  i n t e r n a l  and e x t e r n a l  r a d i a t i o n  exposures t o  t h e  LLW 
s i t e  workers .  
Personnel i n v o l v e d  i n  t h e  des ign  o f  f a c i l i t i e s  shou ld  be t r a i n e d  i n  r a d i o -  
l o g i c a l  des ign.  General eng inee r i ng  o r  s i m i l a r  educa t ion  may n o t  be adequate 
t o  ensure r e c o g n i t i o n  o f  r a d i o l o g i c a l  concerns. I n  a d d i t i o n ,  des ign  personnel  
shou ld  be t r a i n e d  i n  ALARA p r i n c i p l e s .  Th i s  t r a i n i n g  shou ld  i nc l ude :  
LLW s i t e  ALARA p o l i c y  
ALARA p r i n c i p l e s  
management commitment and r e s p o n s i b i l i t i e s  
techniques and p r a c t i c e s  i n  des ign ing  f o r  minimum r a d i a t i o n  exposure use 
c o n s i d e r a t i o n  o f  r a d i a t i o n  exposure i n  s e l e c t i o n  and placement o f  equ ip-  
ment ( r e1  i a b i  1 i t y  , maintenance, access) 
o p t i m i z a t i o n  techniques.  
2.5 PROCEDURES 
Procedures and t h e  procedure development process shou ld  be used t o  ensure 
t h a t  ALARA cons ide ra t i ons  a r e  i n c l u d e d  i n  work a c t i v i t i e s .  Procedures shou ld  
be rev iewed and approved by those  r e s p o n s i b l e  f o r  c o o d i n a t i n g  t h e  r a d i a t i o n  
p r o t e c t i o n  program p r i o r  t o  i ssue ,  when s i g n i f i c a n t  m o d i f i c a t i o n s  occur ,  and 
p e r i o d i c a l l y  d u r i n g  use. 
ALARA t o p i c  areas f o r  which procedure development i s  recommended a re :  
ALARA management, o r g a n i z a t i o n ,  and r e s p o n s i b i l i t i e s  
ALARA committee r e s p o n s i b i l i t i e s  and f u n c t i o n s .  
Procedure development i s  discussed in more detail  in Chapter 9.0 of th i s  
document. 
2 .6  CONTROLS 
The basic objective of a  radiation protection program a t  an LLW disposal 
s i t e  i s  t o  reduce radiation exposures to  workers to  as low as reasonably 
achievable in order t o  reduce the level of r isk.  To ensure that  t h i s  basic 
cbjective i s  met, administrative controls should be established a t  levels sub- 
s t an t i a l ly  below the regulatory l imits .  This will a l e r t  management of 
conditions so tha t  actions can be taken t o  provide additional surveillance and 
control. These controls should n o t  only be considered fo r  external exposure 
from radiation f ie lds  b u t  also for  internal exposure from surface 
contamination and airborne radioactivity.  Regulatory l imits  and recommended 
administrative control levels are discussed in detail  in Chapters 4.0 and 6.0 
of th i s  document. 
Exposures, meeting or exceeding the administrative control levels ,  should 
be investigated by qualified personnel from the LLW s i t e  radiation protection 
group. The resul ts  of the investigations and subsequent actions taken should 
be documented. The documentation should include the following information as 
a  mininum: 
description of incident 
da te(s )  of investigation 
why investigation was in i t ia ted  
name and signature of investigator 
resul ts  of investigation 
methods of exposure reduction considered 
procedure changes recommended 
f a c i l i t y  design changes recommended 
need f o r  personnel retraining 
need fo r  added surveillance. 
I n  addition t o  the administrative controls on exposure, i t  may be necessary t o  
i n s t i t u t e  operational controls on certain tasks. The operational controls may 
i  ncl ude: 
access control t o  radiation, contaminated or airborne radioactivity areas 
use of permanent or  temporary shielding 
reduction of allowed exposure time 
increase of worker distance from exposure sources 
decontamination of area or equipment prior t o  commencing work 
use of protective clothing 
use of respiratory protection 
use of backfill over LLW in burial trenches 
remote handling of LLW containers. 
Operational controls are  discussed in more detail  in Chapters 5.0, 6.0, 7.0, 
and 10.0 of th i s  document. 
2.7 PREPLANNING/MOCK-UP TRAINING 
The e f f e c t i v e  use o f  p l a n n i n g  b e f o r e  t h e  j o b  w i l l  p r o v i d e  one o f  t h e  b e s t  
o p p o r t u n i t i e s  t o  reduce personnel  exposure. P rep lann ing  a l l o w s  t i m e  t o  d e t e r -  
mine t h e  t a s k  t o  be accomplished, how i t  i s  b e s t  done, t h e  resources necessary 
( i n c l u d i n g  equipment, manpower and r a d i a t i o n  exposure) ,  t h e  impact  on sur round-  
i n g  a c t i v i t i e s  and t h e  impact o f  su r round ing  a c t i v i t i e s  on t h e  planned task .  
I n  a d d i t i o n ,  p rep lann ing  a l l ows  assessnient o f  t h e  t r a i n i n g  and s k i l l s  necessary 
t o  do t h e  work and, perhaps, t h e  o p p o r t u n i t y  t o  use mock-ups t o  f a m i l i a r i z e  
workers w i t h  t h e  o p e r a t i o n  and p r a c t i c e  sess ions t o  sharpen s k i l l s ,  improve 
techniques and i d e n t i f y  weaknesses i n  procedures.  
P rep lann ing  o f  work a c t i v i t i e s  i s  p a r t i c u l a r l y  impo r tan t  i n  ope ra t i ons  
w i t h  h i g h  hazard p o t e n t i a l ,  h i g h  r a d i a t i o n  dose r a t e s  o r  p o t e n t i a l  a i r b o r n e  
r a d i o n u c l i d e  concen t ra t i ons ,  unusual o r  un ique tasks ,  spec ia l  maintenance 
tasks ,  recovery  f r om  acc iden ts ,  o r  t asks  w i t h  h i g h  cumula t i ve  exposure use. 
The o b j e c t i v e  o f  p rep lann ing  i s  t o  execute t asks  w i t h  minimum occupa- 
t i o n a l  exposure. I n  more p r a c t i c a l  terms, t h e  o b j e c t i v e  o f  p rep lann ing  i s  t o  
app l y  knowledge and p a s t  exper ience  t o  t h e  maximum e x t e n t  p o s s i b l e  t o  a v o i d  
r e p e a t i n g  mis takes and t o  p e r f e c t  t h e  execu t i on  o f  t h e  r e q u i r e d  t a s k  such t h a t  
occupa t iona l  exposure i s  ALARA. The p rep lann ing  s tage  i n v o l v e s  f o u r  phases: 
documentat ion o f  e x i s t i n g  LLW s i t e  c o n d i t i o n s  t h a t  w i l l  a f f e c t  execu t i on  
o f  t h e  des ignated t asks  
development o f  necessary procedures f o r  t h e  j o b  a t  hand 
a n a l y s i s  o f  procedures t o  v e r i f y  t h e i r  v a l  i d i t y  
p r a c t i c e  o f  procedures t o  ach ieve t h e  p r e s e t  goa l .  
P r a c t i c e  o f  procedures can range f r om p reope ra t i ona l  b r i e f i n g  f o r  person-  
n e l  who w i l l  pe r fo rm s e r v i c e s  i n  a  h i g h - l e v e l  r a d i a t i o n  area t o  " d r y  runs"  on 
mock-up equipment. P reopera t iona l  b r i e f i n g s  can h e l p  ensure t h a t  personnel  
unders tand t h e  tasks  about t o  be performed, t h e  i n f o r m a t i o n  t o  be d isseminated,  
and t h e  s p e c i a l  i n s t r u c t i o n s  t o  be presented. "Dry runs"  can be u s e f u l  f o r  
t r a i n i n g  personnel ,  i d e n t i f y i n g  problems t h a t  can be encountered on t h e  job ,  
and s e l e c t i n g  and q u a l i f y i n g  s p e c i a l  t o o l s  and procedures t o  reduce exposures. 
Mock-up equipment as de f ined  here a r e  any f u l l - s i z e d  s t r u c t u r a l  models b u i l t  
a c c u r a t e l y  t o  sca le .  They shou ld  be l o c a t e d  i n  an area o f  t h e  LLW d i sposa l  
s i t e  where t h e  p o t e n t i a l  f o r  exposure i s  min imal .  Th i s  a l l o w s  f o r  extended 
s tudy and p r a c t i c e  w i t h  a  minimum o f  exposure. 
2.8 PROGRAM EFFECTIVENESS 
The performance o f  t h e  r a d i a t i o n  p r o t e c t i o n  program shou ld  be p e r i o d i c a l  l y  
rev iewed by  those  d i r e c t l y  r espons ib l e  f o r  i t s  implementat ion and by  manage- 
ment. The program shou ld  be eva lua ted  based upon t h e  o b j e c t i v e s  s t a t e d  by 
management, i t s  performance i n  meet ing t h e  goa l s  e s t a b l i s h e d  and i t s  o v e r a l l  
e f f e c t i v e n e s s  i n  r educ ing  exposure compared w i t h  t h e  necessary work performed. 
Care must be e x e r c i s e d  i n  goal  s e l e c t i o n  t o  ensure t h a t  t h e  u l t i m a t e  
r e s u l t  i-s ALARA and n o t  coun te r - p roduc t i ve .  For example, some percentage 
r e d u c t i o n  i n  r a d i a t i o n  exposure f o r  an LLW o p e r a t i o n  may be e s t a b l i s h e d  as a  
goal .  However, i f  i t  i s  ach ieved  by d e l a y i n g  o r  cance l i ng  needed maintenance 
o r  by  r educ ing  necessary s u r v e i l l a n c e  a c t i v i t i e s ,  i t  may n o t  be ALARA a t  a l l .  
I n  a d d i t i o n ,  i t  shou ld  be recogn ized  t h a t  exposure cannot be reduced y e a r  
a f t e r  y e a r  w i t h o u t  end. A f t e r  a  .pe r iod  o f  t i m e  t h e  exposures a r e  go ing  t o  
reach a p o i n t  (non- zero)  f o r  which f u r t h e r  r e d u c t i o n  i s  n e i t h e r  f e a s i b l e  n o r  
warranted. 
The f o l l o w i n g  s e c t i o n s  d iscuss  t h r e e  i tems t h a t  may be b e n e f i c i a l  t o  
e v a l u a t e  t h e  performance o r  e f f e c t i v e n e s s  o f  t h e  r a d i a t i o n  p r o t e c t i o n  programs 
a t  LLW d i sposa l  s i t e s .  These are:  ( 1 )  t h e  ALARA committee, ( 2 )  t r e n d  ana l y-  
s i s ,  and ( 3 )  program a u d i t s .  
2.8.1 ALARA Committee 
Essen t i a l  t o  t h e  success o f  any program i s  t h a t  management a t  t h e  h i g h e s t  
l e v e l  be in fo rmed and app r i sed  o f  t h e  program's  e f f e c t i v e n e s s  and s t a t u s .  
Normal ly,  t h i s  can be accompl ished v i a  communication between t h e  RSO and t h e  
LLW s i t e  manager. However, t h i s  communication can be f a c i l i t a t e d  th rough  an 
ALARA commit tee a c t i n g  f o r  and r e p o r t i n g  d i r e c t l y  t o  t h e  s i t e  manager. The 
membership o f  t h i s  committee shou ld  i n c l u d e  t h e  RSO, t h e  s i t e  manager, and one 
o r  more o p e r a t i n g  o r  suppo r t  managers a t  a  po l i cy- mak ing  l e v e l .  The ALARA 
commit tee i s  an ex t reme ly  impo r tan t  management t o o l ;  t h e r e f o r e ,  i t  i s  
suggested t h a t  i t  be s t r u c t u r e d  t o  i n c l u d e  t h e  f o l l o w i n g  personnel  i n  a d d i t i o n  
t o  t h e  RSO and t h e  s i t e  manager: 
a The v a r i o u s  t e c h n i c a l  d i s c i p l i n e s  shou ld  be represen ted  and chosen f r om 
departments o t h e r  than  t h e  r a d i a t i o n  p r o t e c t i o n  department.  
a The i n d i v i d u a l s  chosen should  be, as a  minimum, s e n i o r  personnel  and 
recogn ized  as e x p e r t  i n  t h e i r  r e s p e c t i v e  d i s c i p l i n e s .  
S t r u c t u r e d  i n  t h i s  manner, t h e  commit tee can n o t  o n l y  make recomnenda- 
t i o n s  t o  those  r e s p o n s i b l e  f o r  conduc t ing  t h e  a c t u a l  programs, b u t  can a l s o  be 
e f f e c t i v e  i n  making recommendations t h a t  e v e n t u a l l y  become LLW s i t e  p o l i c y .  
A d d i t i o n a l l y ,  t h e  committee can be e f f e c t i v e  a t  r e s o l v i n g  d i spu tes .  The com- 
m i t t e e  shou ld  r ece i ve ,  as a  minimum, t h e  r e s u l t s  o f  a l l  rev iews  and a u d i t s ,  
bo th  i n t e r n a l  and e x t e r n a l ,  and shou ld  pe r f o rm  rev iews  o f  t h e  o v e r a l l  r a d i a -  
t i o n  p r o t e c t i o n  program. 
To ensure t h a t  t h e  ALARA committee accompl ishes i t s  goa ls ,  meet ings a r e  
i m p e r a t i v e  and shou ld  be h e l d  every  ca lendar  q u a r t e r  as a  minimum. I n  add i -  
t i o n ,  t h e  ALARA commit tee should  have t h e  a u t h o r i t y  t o  ensure t h a t  an e f f e c -  
t i v e  r a d i a t i o n  p r o t e c t i o n  program i s  i n  ope ra t i on .  
Trend Ana l ys i  s  
Trend a n a l y s i s  i s  an impo r tan t  ALARA t o o l  b o t h  f o r  t h e  r a d i a t i o n  p ro tec-  
t i o n  group and t h e  ALARA committee. Trend a n a l y s i s  i s  e s p e c i a l l y  u s e f u l  f o r  
de te rm in i ng  and a n t i c i p a t i n g  t h e  e f f e c t s  o f  a c t i o n s  t h a t  may, o f  themselves, 
appear t o  cause no n o t i c e a b l e  change o r  cause changes t h a t  may be h idden w i t h i n  
i n d i v i d u a l  number f l u c t u a t i o n s .  Many r a d i o l o g i c a l  parameters,  t h a t  a re  
recorded  as p a r t  o f  a  r o u t i n e  r a d i a t i o n  p r o t e c t i o n  program, shou ld  be f o l l o w e d  
and analyzed f o r  t rends .  Sub jec ts  o f  p r ima ry  concern w i t h i n  t h e  r a d i a t i o n  
p r o t e c t i o n  program and t o  t h e  ALARA committee and RSO are :  
mean i n d i v i d u a l  exposure f o r  t h e  s i t e  
mean i n d i v i d u a l  exposure by j o b  c l a s s i f i c a t i o n  
mean i n d i v i d u a l  exposure by a  p a r t i c u l a r  t a s k  
c o l l e c t i v e  exposure f o r  t h e  s i t e  
c o l l e c t i v e  exposure by  j o b  c l a s s i f i c a t i o n  
c o l l e c t i v e  exposure by a  p a r t i c u l a r  t a s k  
con tamina t ion  1  eve1 s  and areas 
a i r b o r n e  a c t i v i t y  l e v e l s  
f requency o f  i n c i d e n t s .  
2.8.3 Proqram A u d i t  
As a  minimum, t h e  r a d i a t i o n  p r o t e c t i o n  program shou ld  be a u d i t e d  once p e r  
y e a r  and t h e  r e s u l t s  documented and t r a n s m i t t e d  t o  t h e  LLW s i t e  manager and 
co rpo ra te  management. More f r e q u e n t  assessments may be d e s i r a b l e  t o  i n f o r m  
management o f  program s t a t u s  o r  i n  ope ra t i ons  where h i g h  exposure l e v e l s  o r  
s i g n i f i c a n t  p o t e n t i a l  hazards e x i s t .  
These program a u d i t s  shou ld  be conducted by qua1 i f i e d  personnel  who a re  
independent o f  those  respons ib l e  f o r  implement ing t h e  r a d i a t i o n  p r o t e c t i o n  
program. I n  add . i t i on ,  t h e  personnel  ass igned t h i s  f u n c t i o n  should  be s e l e c t e d  
based on t h e i r  t e c h n i c a l  knowledge o f  t h e  ope ra t i ons  be ing  observed, and t h e i r  
t e c h n i c a l  competence and exper ience i n  r a d i a t i o n  p r o t e c t i o n  and ALARA. The 
independent assessment p rov i des  an o b j e c t i v e  e v a l u a t i o n  t o  management, who 
should  then  p r o v i d e  r e d e f i n i t i o n  o f  t h e  program o b j e c t i v e s  and goa ls  as feed-  
back t o  those respons ib l e  f o r  t h e  r a d i a t i o n  p r o t e c t i o n  program implementat ion.  
Th i s  r e d e f i n i t i o n  shou ld  i n c l u d e  c o r r e c t i v e  a c t i o n s  f o r  weaknesses i d e n t i f i e d .  
Th i s  feedback w i l l  ensure c o n t i n u a l  management a t t e n t i o n  and suppor t  f o r  ALARA 
e f f o r t s .  
3.0 TRAINING PROGRAM 
It i s  impo r tan t  f o r  personnel work ing  a t  LLW d i sposa l  s i t e s  t o  be knowl- 
edgeable o f  t h e  r i s k s  assoc ia ted  w i t h  r a d i o a c t i v e  m a t e r i a l  and how t o  min imize 
t h e  r i s k s .  Thus, i t  i s  ve ry  impo r tan t  t h a t  t h e  s i t e  personnel n o t  o n l y  be 
t r a i n e d  b u t  a l s o  be educated i n  m in im iz i ng  r i s k s .  As d e f i n e d  here, educa t ion  
means i m p a r t i n g  general  o r  bas i c  knowledge a p p l i c a b l e  t o  t h e  j o b  s i t u a t i o n  as 
a  whole; i t  i nc l udes  p h i l o s o p h i c a l  and t h e o r e t i c a l  bases, and pe rm i t s  under- 
s tand ing  o f  t h e  reasons f o r  what takes p lace.  T r a i n i n g ,  on t h e  o t h e r  hand, 
i m p l i e s  exe rc i se  o r  p r a c t i c e  t o  ga in  a  s p e c i f i c  s k i l l  o r  p r o f i c i e n c y  and does 
n o t  guarantee any understanding o r  knowledge o f  why t h e  a c t  i s  be ing  performed. 
Therefore,  t r a i n i n g  as used i n  t h i s  document i s  d e f i n e d  t o  i n c l u d e  bo th  t r a i n -  
i n g  and educa t iona l  aspects.  I n  t h e  f i n a l  a n a l y s i s ,  implementat ion o f  an 
e f f e c t i v e  r a d i a t i o n  p r o t e c t i o n  program n o t  o n l y  depends upon t h e  t r a i n i n g  p ro-  
gram i t s e l f ,  b u t  r e s t s  h e a v i l y  on management suppor t  and t h e  e f f o r t  p u t  f o r t h  
by t h e  workers.  It i s  e s s e n t i a l  t h a t  t h e  e n t i r e  f a c i l i t y  management and 
a d m i n i s t r a t i v e  suppor t  s t a f f  understand and suppor t  t h e  e f f o r t  t o  reduce 
r a d i a t i o n  exposures t o  ALARA. 
The f o l l o w i n g  d i scuss ion  covers t h e  areas o f :  ( 1 )  program r e s p o n s i b i l -  
i t y / a u t h o r i  t y ,  ( 2 )  personnel s e l e c t i o n  and qua1 i f i c a t i o n ,  ( 3 )  procedures/ 
lesson  p lans ,  ( 4 )  r a d i a t i o n  p r o t e c t i o n  (ALARA) t r a i n i n g ,  ( 5 )  r e s p i r a t o r y  
p r o t e c t i o n  t r a i n i n g ,  ( 6 )  female r a d i a t i o n  worker  t r a i n i n g ,  ( 7 )  on- the- job 
t ra in ing lmock-ups ,  (8 )  performance eva lua t i on ,  and ( 9 )  t r a i n i n g  records,  as 
they  app ly  t o  t h e  o v e r a l l  r a d i a t i o n  p r o t e c t i o n  t r a i n i n g  program. 
3.1 PROGRAM RESPONSIBILITY/AUTHORITY 
Rad ia t i on  p r o t e c t i o n  d u t i e s  a t  LLW d isposa l  s i t e s  should be t h e  respons i-  
b i l i t y  o f  t h e  r a d i a t i o n  p r o t e c t i o n  group. T y p i c a l l y  t h i s  group i s  smal l  and 
c o n s i s t s  o f  a  Rad ia t i on  Sa fe ty  O f f i c e r  (RSO) and severa l  r a d i a t i o n  p r o t e c t i o n  
t echn i c i ans .  These i n d i v i d u a l s  should have t h e  r e s p o n s i b i l i t y  f o r  t h e  r a d i a -  
t i o n  p r o t e c t i o n  t r a i n i n g  o u t l i n e d  i n  t h i s  chapter .  I n  a  l a r g e  o rgan i za t i on ,  
one o r  more o f  t h e  s t a f f  meniber(s) may be e x c l u s i v e l y  assigned t o  t h e  t r a i n i n g  
program. To achieve an e f f e c t i v e  program, f u n c t i o n a l  l e v e l s  and assignment o f  
r e s p o n s i b i l i t i e s  should be e s t a b l i s h e d  f o r  i n d i v i d u a l s  t h a t  a re  p a r t  o f  t h e  
t r a i n i n g  o rgan i za t i on .  
The s t a f f  member w i t h  o v e r a l l  r e s p o n s i b i l i t y  f o r  t h e  r a d i a t i o n  p r o t e c t i o n  
t r a i n i n g  program should be t h e  RSO o r  a  de legated " t r a i n i n g  coo rd ina to r . "  
T r a i n i n g  r e s p o n s i b i l i t i e s  f o r  t h i s  p o s i t i o n  should i n c l u d e  as a  minimum: 
(1) t r a i n i n g  o f  upper management, ( 2 )  development o f  t h e  o v e r a l l  t r a i n i n g  pro-  
gram, ( 3 )  t r a i n i n g  o f  r a d i a t i o n  p r o t e c t i o n  s t a f f  i n  t h e  f i e l d ,  ( 4 )  e v a l u a t i o n  
o f  t h e  t r a i n i n g  program's e f f e c t i v e n e s s  and recommendations f o r  improvement, 
and ( 5 )  guidance, ass is tance ,  and suppor t  t o  o t h e r  s t a f f  members who have 
t r a i n i n g  r e s p o n s i b i l i t i e s .  The r e s p o n s i b i l i t i e s ,  a u t h o r i t y ,  and d u t i e s  f o r  
s t a f f  members (RSO, i n s t r u c t o r s ,  a d m i n i s t r a t i v e  c l e r k s ,  e t c . )  assigned t o  t h e  
t r a i n i n g  group should be o u t l i n e d  i n  f o rma l i zed  j o b  d e s c r i p t i o n s  which should 
be rev iewed and updated p e r i o d i c a l l y .  Each s t a f f  member o f  an LLW d isposa l  
s i t e  should be f a m i l i a r  w i t h  t h e  con ten ts  o f  t h e  j o b  d e s c r i p t i o n  t h a t  a p p l i e s  
t o  them. 
3.2 PERSONNEL SELECTION AND OUALIFICATION 
Rad ia t i on  p r o t e c t i o n  personnel  a t  LLW d i sposa l  s i t e s  should  have a  com- 
b i n a t i o n  o f  t r a i n i n g ,  exper ience,  and s k i l l s  commensurate w i t h  t h e i r  func-  
t i o n a l  l e v e l  o f  r e s p o n s i b i l i t y .  Th i s  w i l l  p r o v i d e  reasonable  assurance t h a t  
dec i s i ons  and a c t i o n s  d u r i n g  normal and abnormal c o n d i t i o n s  w i l l  be such t h a t  
t h e  s i t e  i s  opera ted  i n  a  sa fe  and e f f i c i e n t  manner. T r a i n i n g  can be s a t i s f i e d  
by e i t h e r  academic t r a i n i n g  o r  r e l a t e d  t e c h n i c a l  t r a i n i n g .  Academic t r a i n i n g  
i s  d e f i n e d  t o  be t h e  success fu l  comp le t ion  o f  c o l l e g e  l e v e l  work l e a d i n g  t o  a  
recogn ized  degree i n  r a d i a t i o n  p r o t e c t i o n .  I n  c o n t r a s t ,  r e l a t e d  t e c h n i c a l  
t r a i n i n g  i s  d e f i n e d  as formal  r a d i a t i o n  p r o t e c t i o n  t r a i n i n g  beyond t h e  h i g h  
school l e v e l ,  such as r e q u i r e d  i n  t r a i n i n g  schools  o r  programs conducted by 
t h e  m i l  i t a r y ,  i n d u s t r y ,  v o c a t i o n a l  schools  o r  o the rs .  Re la ted  t e c h n i c a l  t r a i n -  
i n g  shou ld  count  on a  one- for-one t ime  b a s i s  w i t h  academic t r a i n i n g .  P a r t  o f  
t h e  exper ience  requ i rement  f o r  r a d i a t i o n  p r o t e c t i o n  personnel  may be acqu i r ed  
f rom non-LLW ope ra t i ons  such as f rom m i l i t a r y ,  c i v i l i a n ,  government, o r  commer- 
c i a l  n u c l e a r  f a c i l i t i e s .  However, obse rva t i on  o f  o t he rs  pe r f o rm ing  r a d i a t i o n  
p r o t e c t i o n  f u n c t i o n s  s h a l l  n o t  be cons idered  accep tab le  exper ience.  
The f o l l o w i n g  d i s c u s s i o n  o u t l i n e s  t h e  recommended s e l e c t i o n  and q u a l i f i c a -  
t i o n  c r i t e r i a  f o r  t h e :  ( I )  RSO, ( 2 )  r a d i a t i o n  p r o t e c t i o n  t e c h n i c i a n ,  and ( 3 )  
r a d i a t i o n  p r o t e c t i o n  t r a i n i n g  i n s t r u c t o r .  
3.2.1 RSO 
A t  t h e  t i m e  o f  appointment t o  t h e  RSO p o s i t i o n ,  t h e  r e s p o n s i b l e  i n d i v i d u a l  
s h a l l  have exper ience  i n  a p p l i e d  r a d i a t i o n  p r o t e c t i o n  a t  n u c l e a r  f a c i l i t i e s  
d e a l i n g  w i t h  r a d i a t i o n  p r o t e c t i o n  problems and programs s i m i l a r  t o  those  a t  
LLW d i sposa l  s i t e s .  The i n d i v i d u a l  shou ld  be f a m i l i a r  w i t h  t h e  des ign  f e a t u r e s  
and ope ra t i ons  o f  LLW s i t e s  t h a t  a f f e c t  t h e  p o t e n t i a l  f o r  exposures o f  s i t e  
personnel  t o  r a d i a t i o n .  I n  a d d i t i o n ,  t h e  RSO shou ld  have t h e  t e c h n i c a l  com- 
petence t o  e s t a b l i s h  r a d i a t i o n  p r o t e c t i o n  programs and t h e  supe rv i so r y  c a p a b i l -  
i t y  t o  d i r e c t  t h e  work o f  r a d i a t i o n  p r o t e c t i o n  t e c h n i c i a n s .  
The RSO shou ld  have a b a c h e l o r ' s  degree i n  sc ience  o r  eng inee r i ng  ( o r  i t s  
e q u i v a l e n t )  , i n c l u d i n g  formal t r a i n i n g  i n  r a d i a t i o n  p r o t e c t i o n .  Minimum accept-  
a b l e  s u b s t i t u t e s  f o r  a  b a c h e l o r ' s  degree a r e  a  h i g h  school  d ip loma o r  i t s  
e q u i v a l e n t  and one o f  t h e  f o l l o w i n g :  (1) f o u r  yea rs  o f  fo rma l  s c h o o l i n g  i n  
sc ience  o r  eng ineer ing ,  ( 2 )  fou r  yea rs  o f  a p p l i e d  exper ience  a t  a  n u c l e a r  
f a c i l i t y  i n  t h e  area o f  r a d i a t i o n  p r o t e c t i o n ,  o r  ( 3 )  any comb ina t ion  o f  t h e  
above t o t a l  i n g  f o u r  years .  
The RSO shou ld  have a t  l e a s t  t h r e e  yea rs  o f  exper ience  i n  r a d i a t i o n  p ro-  
t e c t i o n ,  one y e a r  o f  which shou ld  be a t  a  LLW d isposa l  s i t e .  I f  t h e  RSO does 
n o t  have a  b a c h e l o r ' s  degree, then  a  t o t a l  of seven yea rs  exper ience  i s  recom- 
mended. A m a s t e r ' s  degree and d o c t o r ' s  degree may be cons idered  e q u i v a l e n t  t o  
one and two yea rs  exper ience,  r e s p e c t i v e l y ,  i f  t h e  course work i s  r e l a t e d  t o  
r a d i a t i o n  p r o t e c t i o n .  
3.2.2 R a d i a t i o n  P r o t e c t i o n  Techn ic ian  
A t  t h e  t ime  o f  appointment,  a  s e n i o r  r a d i a t i o n  p r o t e c t i o n  t e c h n i c i a n  
shou ld  have t h r e e  yea rs  o f  work ing  exper ience  i n  r a d i a t i o n  p r o t e c t i o n  o f  which 
one y e a r  should  be f r om an LLW d i sposa l  s i t e .  The t e c h n i c i a n  shou ld  possess a  
h i g h  degree o f  manual d e x t e r i t y  and a b i l i t y ,  and shou ld  be capable  o f  l e a r n i w  
and a p p l y i n g  b a s i c  s k i l l s .  
I n d i v i d u a l s  i n  t r a i n i n g  o r  a p p r e n t i c e  p o s i t i o n s  shou ld  n o t  be cons idered  
t e c h n i c i a n s ,  b u t  shou ld  be p e r m i t t e d  t o  per fo rm work f o r  which q u a l i f i c a t i o n  
has been demonstrated. The c l a s s i f i c a t i o n  o f  r a d i a t i o n  p r o t e c t i o n  t e c h n i c i a n s  
shou ld  be as f o l l o w s :  
i n  t r a i n i n g  (min imal  exper ience)  - app ren t i ce  t e c h n i c i a n  
0-3 yea rs  exper ience  - t e c h n i c i a n  
g r e a t e r  than  3 yea rs  exper ience  - s e n i o r  t e c h n i c i a n .  
However, t i m e  a lone  i s  n o t  enough. Any t r a i n i n g  and advancement program 
shou ld  a l s o  r e q u i r e  t e c h n i c i a n s  t o  pass w r i t t e n  and o r a l  examinat ions b e f o r e  
advancing t o  d i f f e r e n t  t e c h n i c i a n  l e v e l s .  
3.2.3 Rad ia t i on  P r o t e c t i o n  T r a i n i n g  I n s t r u c t o r  
A t  t h e  t ime  o f  appointment t o  t h e  i n s t r u c t o r  p o s i t i o n ,  t h e  r espons ib l e  
i n d i v i d u a l  s h a l l  have exper ience  i n  a p p l i e d  r a d i a t i o n  p r o t e c t i o n  a t  n u c l e a r  
f a c i l i t i e s  d e a l i n g  w i t h  r a d i a t i o n  p r o t e c t i o n  problems and programs s i m i l a r  t o  
those  a t  LLW d i sposa l  s i t e s .  The i n d i v i d u a l  shou ld  be f a m i l i a r  w i t h  t h e  des ign  
f e a t u r e s  and ope ra t i ons  o f  LLW s i t e s  t h a t  a f f e c t  t h e  p o t e n t i a l  f o r  exposure o f  
s i t e  personnel  t o  r a d i a t i o n .  
The i n s t r u c t o r  should  have an a s s o c i a t e ' s  degree i n  sc ience o r  eng inee r i ng  
( o r  i t s  e q u i v a l e n t ) ,  i n c l u d i n g  fo rma l  t r a i n i n g  i n  r a d i a t i o n  p r o t e c t i o n .  M i n i -  
mum accep tab le  s u b s t i t u t e s  f o r  an assoc ia te  degree a r e  a  h i g h  school d ip loma 
o r  i t s  e q u i v a l e n t  and one o f  t h e  f o l l o w i n g :  ( 1 )  two yea rs  o f  fo rma l  schoo l i ng  
i n  sc ience  o r  eng ineer ing ,  ( 2 )  two yea rs  o f  a p p l i e d  exper ience  a t  a  n u c l e a r  
f a c i l i t y  i n  t h e  area o f  r a d i a t i o n  p r o t e c t i o n ,  o r  ( 3 )  any combinat ion o f  t h e  
above t o t a l i n g  two years .  The i n s t r u c t o r  should  have one yea r  of exper ience  
i n  r a d i a t i o n  p r o t e c t i o n  a t  an LLW d i sposa l  s i t e .  I f  t h e  i n s t r u c t o r  does n o t  
have an a s s o c i a t e ' s  degree, then  a  t o t a l  o f  t h r e e  yea rs  exper ience i s  
recommended. 
Personnel t e m p o r a r i l y  f i l l i n g  t h e  RSO, t e c h n i c i a n ,  o r  i n s t r u c t o r  p o s i t i o n s  
due t o  absences o f  t h e  p r i n c i p a l  may n o t  meet t h e  requi rements  o u t l i n e d  above. 
Use o f  personnel  t o  f i l l  a  p o s i t i o n  f o r  which t hey  do n o t  meet t h e  minimum 
requi rements  may be j u s t i f i e d ,  b u t  t h e  d u r a t i o n  o f  t h e  assignment should  n o t  
exceed t h r e e  months. 
The s e l e c t i o n  and q u a l i f i c a t i o n  c r i t e r i a  f o r  a l l  t h r e e  o f  t h e  above p o s i -  
t i o n s  shou ld  be f o rn i a l i zed  i n  w r i t t e n  procedures.  The academic background and 
p rev i ous  r a d i a t i o n  p r o t e c t i o n  exper ience f o r  t h e  s e l e c t e d  personnel  should  be 
documented and k e p t  i n  t h e  s t a f f  member's t r a i n i n g  f i l e .  
3.3 PROCEDURES/LESSON PLANS 
Each LLW d i sposa l  s i t e  should have a  fo rma l i zed  w r i t t e n  t r a i n i n g  program 
which i s  s p e c i f i c  t o  r a d i a t i o n  p r o t e c t i o n .  The fo rma l i zed  t r a i n i n g  document 
should i n c l u d e  as a  minimum: a  program p o l i c y  statement;  s t a f f  members respon- 
s i b i l i t i e s ,  a u t h o r i t y  and j o b  d e s c r i p t i o n s ;  t r a i n i n g  procedures; and lesson  
p lans.  T r a i n i n g  procedures should de f i ne :  
a t h e  e x t e n t  and con ten t  o f  t h e  program 
t r a i n i n g  and r e t r a i n i n g  f requency 
a t h e  records  r e q u i r e d  
s tuden t  performance eva lua t i on .  
Rad ia t i on  p r o t e c t i o n  lesson p lans may be i n  t h e  form o f  o r  i nc l ude :  
course ou t1  i nes  
sy l labuses  
a brochures 
a v ideo  tapes 
a mot ion p i c t u r e s  
t e x t s  
t e s t s .  
V isua l  a i d s  a r e  g e n e r a l l y  an impo r tan t  p a r t  o f  any t r a i n i n g  program. I n  
a d d i t i o n  t o  mot ion p i c t u r e s ,  v ideo  tapes can be used advantageously f o r  r a d i a -  
t i o n  p r o t e c t i o n  t r a i n i n g .  Video tapes a r e  u s e f u l  t o  r e c o r d  l e c t u r e s  and demon- 
s t r a t i o n s  t h a t  a r e  t o  be used repea ted l y  f o r  a  c e r t a i n  t ype  o f  t r a i n i n g  ( i .e . ,  
general  employee) b u t  a t  d i f f e r e n t  t imes.  The use o f  v i deo  tapes a l l o w s  a  
l a r g e  number o f  personnel t o  v iew procedures, such as conduc t ing  r a d i o l o g i c a l  
surveys o r  donning and removing p r o t e c t i v e  equipment and c l o t h i n g ,  t h a t  o r d i -  
n a r i l y  c o u l d  o n l y  be observed by a  few s t a f f  members a t  one t ime.  However, 
v i s u a l  a i d s  should n o t  comprise t h e  t o t a l  t r a i n i n g  program. The program shou ld  
i n c l u d e  d iscuss ipns  by t h e  i n s t r u c t o r .  It i s  recommended t h a t  a t  l e a s t  50% o f  
t he  t r a i n i n g  be c lass roorn / lec tu re  w i t h  i n s t r u c t o r  p a r t i c i p a t i o n .  T h i s  cou ld  
promote va luab le  feedback f rom s tuden t  t o  i n s t r u c t o r  and p rov ide  t h e  opportun-  
i t y  f o r  assessment o f  s tuden t  comprehension. 
I n  o r d e r  t o  have e f f e c t i v e  t r a i n i n g  procedures and lesson  p lans,  i t  i s  
necessary t h a t  they  be p e r i o d i c a l l y  reviewed and updated as necessary. The 
rev iew process shou ld  be conducted n o t  o n l y  by t h e  person respons ib l e  f o r  t h e  
program (RSO), b u t  a l s o  by t h e  personnel per fo rming  t h e  t r a i n i n g  f u n c t i o n s  on 
a  r o u t i n e  bas is .  Upon acceptance o f  t h e  procedures and lesson  p lans,  t h e  RSO 
should s i g n  and da te  them t o  i n d i c a t e  t h a t  they  represen t  c u r r e n t  t r a i n i n g  
p o l i c y .  It i s  recommended t h a t  t he  rev iew and update process be performed a t  
l e a s t  annua l l y .  Procedure development i s  d iscussed i n  more d e t a i l  i n  Chapter 
9.0 o f  t h i s  document. Lesson p lans  s p e c i f i c  t o  r a d i a t i o n  p r o t e c t i o n  t r a i n i n g  
f o r  t h e  genera l  employee, t h e  r a d i a t i o n  worker, and t he  r a d i a t i o n  p r o t e c t i o n  
r t a f f  a r e  o u t l i n e d  i n  Sec t ion  3.4. 
RADIATION PROTECTION TRAINING 
The o b j e c t i v e  o f  a  t r a i n i n g  program should be t o  ensure t h e  sa fe  and e f f i -  
c i e n t  ope ra t i on  o f  a  f a c i l i t y .  To accompl ish t h i s ,  t h e  o r g a n i z a t i o n  should be 
f u l l y  q u a l i f i e d  f o r  t he  o p e r a t i o n a l ,  maintenance, and t e c h n i c a l  aspects o f  t h e  
nuc lea r  f a c i l i t y  invo lved .  The o r g a n i z a t i o n  o f  a  LLW d i sposa l  s i t e  can be 
broken down i n t o  t h r e e  main ca tego r i es  f o r  r a d i a t i o n  p r o t e c t i o n  t r a i n i n g .  
These groupings are:  (1) genera l  employees o r  a l l  persons r e g u l a r l y  employed 
a t  an LLW s i t e ,  ( 2 )  r a d i a t i o n  workers, and ( 3 )  t h e  r a d i a t i o n  p r o t e c t i o n  s t a f f .  
Course con ten t  f o r  these t h r e e  types o f  t r a i n i n g  a re  o u t l i n e d  i n  t h e  f o l l o w i n g  
t h r e e  sec t ions .  
General Empl oyee 
I n f o r m a t i o n  on t h e  LLW s i t e ' s  r a d i a t i o n  p r o t e c t i o n  p o l i c y  and program 
should be presented t o  a l l  new employees d u r i n g  t h e  general  employee o r i e n t a -  
t i o n  t r a i n i n g .  The o r i e n t a t i o n  t r a i n i n g  should c o n s i s t  o f  c lassroom i n s t r u c -  
t i o n  and may be supplemented by o t h e r  t r a i n i n g  methods. W r i t t e n  m a t e r i a l  
cove r i ng  t h e  bas i c  t o p i c s  o f  t h e  t r a i n i n g  should be d i s t r i b u t e d  t o  t h e  new 
employees f o r  f u t u r e  re ference.  V i s i t o r  and c o n t r a c t o r  personnel should be 
g i ven  t h e  same t r a i n i n g ,  i f  i t  i s  expected t h a t  they  may encounter r a d i o a c t i v e  
m a t e r i a l  o r  r a d i a t i o n  l e v e l s  above background. I t  i s  recommended t h a t  t h e  
classroom i n s t r u c t i o n  phase o f  t h i s  t r a i n i n g  be a t  l e a s t  one hour i n  l eng th .  
A  recommended course o u t l i n e / l e s s o n  p l a n  f o r  t h e  r a d i a t i o n  p r o t e c t i o n  
segment o f  t h e  genera l  employee t r a i n i n g  i s  g i ven  below. 
Rad ia t i on  Protect ion-Genera l  O r i e n t a t i o n  T r a i n i n a  
A. Technica l  
1. Sources o f  r a d i a t i o n  
a. Na tu ra l  
b. Man made 
2. B i o l o g i c a l  e f f e c t s  o f  r a d i a t i o n  
3. Ex te rna l  dos imet ry  
5. I n t e r n a l  dos imet ry  
6. Contaminat ion c o n t r o l  
a. Sources o f  con tamina t ion  
b. P r o t e c t i v e  c l o t h i n g  
c. Resp i ra to r y  p r o t e c t i o n  
d. C o n t r o l l e d  areas and e x i t i n g  
7. Exposure o f  female workers 
8. I n s t r u m e n t a t i o n  
9. Personal  Surveys. 
B. A d m i n i s t r a t i v e  
1. LLW s i t e  r a d i a t i o n  p r o t e c t i o n  p o l i c y  
2. Role o f  r a d i a t i o n  p r o t e c t i o n  o r g a n i z a t i o n  
3. A u t h o r i t y  o f  r a d i a t i o n  p r o t e c t i o n  o r g a n i z a t i o n  
4. ALARA ph i losophy  and p r a c t i c e s  
5. Regu la to ry  and a d m i n i s t r a t i v e  l i m i t s  
6. R a d i o l o g i c a l  p o s t i n g  
a. LLW d i sposa l  s i t e  
b. Regul a t o r y  (State/NRC/DOT) 
7. R e s p o n s i b i l i t i e s  o f  i n d i v i d u a l s  
8. R a d i o l o g i c a l  emergencies 
9. Land b u r i a l  o f  LLW. 
T r a i n i n g  f o r  esco r t ed  v i s i t o r s  shou ld  i n c l u d e  t h e  r e q u i r e d  a c t i o n s  f o r  emer- 
gency s i t u a t i o n s  and any o f  t h e  above ment ioned t e c h n i c a l  o r  a d m i n i s t r a t i v e  
t o p i c s  as determined by  t h e  t r a i n i n g  c o o r d i n a t o r  o r  RSO. 
3.4.2 R a d i a t i o n  Worker 
S p e c i a l i z e d  r a d i a t i o n  p r o t e c t i o n  t r a i n i n g  shou ld  be g i ven  t o  a l l  s t a f f  
members who e n t e r  a  r a d i a t i o n  area,  even i f  they  do n o t  work d i r e c t l y  w i t h  
r a d i o a c t i v e  m a t e r i a l .  A  r a d i a t i o n  area i s  def ined i n  10 CFR 20 .202(b ) (2 )  and, 
as used i n  t h i s  document, s t a t e s :  
Any area, a c c e s s i b l e  t o  personnel ,  i n  which t h e r e  e x i s t s  r a d i a t i o n ,  o r i g i -  
n a t i n g  i n  whole o r  i n  p a r t  w i t h i n  l i c e n s e d  m a t e r i a l ,  a t  such l e v e l s  t h a t  
a  ma jo r  p o r t i o n  o f  t h e  body c o u l d  r e c e i v e  i n  any one hour a  dose i n  
excess o f  5 m i l l i r e m ,  o r  i n  any 5 consecu t i ve  days a  dose i n  excess o f  
100 m i  11 i rems. 
Personnel who work i n  a  r a d i a t i o n  area a r e  termed r a d i a t i o n  workers  and t h e i r  
r a d i a t i o n  worker  t r a i n i n g  should  be rece i ved  p r i o r  t o  e n t e r i n g  o r  beg inn ing  
work i n  a  r a d i a t i o n  area. It i s  recommended t h a t  t h e  c lassroom i n s t r u c t i o n  
phase o f  t h i s  t r a i n i n g  be a t  l e a s t  f o u r  hours  i n  l eng th .  
A recommended course o u t l i n e / l e s s o n  p l a n  f o r  t h e  r a d i a t i o n  worker  t r a i n i n g  
i s  g i ven  below. 
Radia t ion  Worker T r a i n i n g  
A.  Technical  
1. Sources  o f  r a d i a t i o n  
a .  Natural  
b. Man made 
2. Bas ic  a tomic and n u c l e a r  p h y s i c s  
3. Types o f  r a d i a t i o n  and t h e i r  c h a r a c t e r i s t i c s  
4.  Rad ia t ion  u n i t s  
5. B i o l o g i c a l  e f f e c t s  
6. Radia t ion  measurement and survey  i n s t r u m e n t s  
7 .  Ex te rna l  dosjrnetry 
9. I n t e r n a l  dos imet ry  
a .  Whole-body/lung count ing  
b. U r i n a l y s i s  
c .  Fecal a n a l y s i s  
10. Contaniination c o n t r o l  
a .  Sources  o f  conta.mination 
b. P r o t e c t i v e  c l o t h i n g  
c .  C o n t r o l l e d  a r e a s  and e x i t i n g  
d .  Personal  su rveys  
11. Personnel and equipment decontaminat ion 
12.  Airborne r a d i o a c t i v i t y  
13. R e s p i r a t o r y  p r o t e c t i o n  
14.  Female r a d i a t i o n  worker exposure  
15. First a i d  c o n s i d e r a t i o n s .  
B.  Adrnini s t r a t i v e  
1. LLW s i t e  r a d i a t i o n  p r o t e c t i o n  p o l i c y  
2. Role o f  r a d i a t i o n  p r o t e c t i o n  o r g a n i z a t i o n  
3. A u t h o r i t y  o f  r a d i a t i o n  p r o t e c t i o n  o r g a n i z a t i o n  
4. ALARA ph i losophy  and p r a c t i c e s  
5. Regu la to ry  and a d m i n i s t r a t i v e  l i m i t s  
6. R a d i o l o g i c a l  p o s t i n g  
a. LLW d i sposa l  s i t e  
b. Regu la to ry  (State/NRC/DOT) 
7. R a d i o l o g i c a l  surveys, purposes and methods 
8. Con t ro l  and removal o f  contaminated equipment 
9. Procedures f o r  r e c e i p t  and h a n d l i n g  o f  LLW 
10. Qua1 i t y  assurance 
11. I n v e s t i g a t i o n  and r e p o r t i n g  o f  abnormal exposures 
12. R e s p o n s i b i l i t i e s  o f  i n d i v i d u a l s  
13. R a d i o l o g i c a l  emergencies 
14. Land b u r i a l  o f  LLW. 
Rad ia t i on  P r o t e c t i o n  S t a f f  
Rad ia t i on  p r o t e c t i o n  t r a i n i n g  shou ld  be g i ven  t o  a l l  r a d i a t i o n  p r o t e c t i o n  
t e c h n i c i a n s  and p r o f e s s i o n a l  h e a l t h  p h y s i c i s t s / t r a i n i n g  i n s t r u c t o r ( s )  b y  t h e  
RSO o r  a  de lega ted  r a d i a t i o n  p r o t e c t i o n  s t a f f  member. It i s  recommended t h a t  
t h e  t r a i n i n g  be an ongoing process, such as s e t t i n g  as i de  a  c e r t a i n  amount o f  
t ime  each week o r  month t o  cover  a  d i f f e r e n t  s u b j e c t  area. The c lassroom 
phase o f  t h i s  t r a i n i n g  should  comprise about  40 hours a n n u a l l y  w i t h  t h e  hands- 
on t r a i n i n g  compr i s i ng  an a d d i t i o n a l  20 hours as a  minimum. Up t o  50% o f  t h e  
c lassroom phase may t ake  t h e  f o rm  o f  c o n t i n u i n g  p r o f e s s i o n a l  development 
th rough  at tendance and p a r t i c i p a t i o n  i n  s c i e n t i f i c  and t e c h n i c a l  meet ings,  
academic courses, s h o r t  courses, and o t h e r  c o n t i n u i n g  educa t i on  courses. A  
course o u t l i n e / l e s s o n  p l a n  f o r  t h i s  t r a i n i n g  can be developed f r om t h e  r a d i a -  
t i o n  worker  course o u t l i n e  i n  Sec t i on  3.4.2 o f  t h i s  document. However, add i -  
t i o n a l  t e c h n i c a l  d e t a i l  would need t o  be p rov i ded  t o  t h e  f o l l o w i n g  s u b j e c t  
areas : 
e x t e r n a l  dose c a l c u l a t i o n s  
i n t e r n a l  dose c a l c u l a t i o n s  
s h i e l d i n g  c a l c u l a t i o n s ,  techniques 
c o u n t i n g  s t a t i s t i c s  
i s o t o p i c  a n a l y s i s  methods. 
R a d i a t i o n  p r o t e c t i o n  t r a i n i n g  f o r  t h e  RSO should  be per formed by p r o f e s -  
s i o n a l  h e a l t h  p h y s i c i s t s  f r om  co rpo ra te  management. I f  q u a l i f i e d  personnel  do 
n o t  e x i s t  i n  t h e  co rpo ra te  s t r u c t u r e ,  then  t r a i n i n g  shou ld  be p r o v i d e d  by an 
o u t s i d e  group such as a  u n i v e r s i t y  o r  c o n s u l t i n g  f i r m ,  o r  by  a t tendance a t  
s h o r t  courses. The t r a i n i n g  should  i n c l u d e  t e c h n i c a l  aspects  and s t a t e - o f - t h e-  
a r t  technology.  I n  c o n j u n c t i o n  w i t h  t h i s  fo rma l  t r a i n i n g ,  t h e  RSO (and o t h e r  
r a d i a t i o n  p r o t e c t i o n  s t a f f  members) should  a1 so read  and rev iew open 1  i t e r a t u r e  
a r t i c l e s .  Th i s  t r a i n i n g  may a l s o  be s a t i s f i e d  i n  p a r t  th rough  at tendance and 
p a r t i c i p a t i o n  i n  s e l e c t e d  s c i e n t i f i c  and t e c h n i c a l  meet ings and academic 
courses. I t  i s  recommended t h a t  t h e  RSO t r a i n i n g  be a  c o n t i n u i n g  process. As 
a  minimum, r e t r a i n i n g  f o r  RSOs shou ld  be g i ven  on an annual bas is .  The dura-  
t i o n  o f  t h i s  t r a i n i n g  should  be e s t a b l i s h e d  by co rpo ra te  management f o r  each 
LLW d i sposa l  s i t e .  
3.4.4 T r a i n i n g / R e t r a i n i n g  Frequency 
I t  i s  impo r tan t  t h a t  a l l  LLW d i sposa l  s i t e  personnel  r e c e i v e  t r a i n i n g  f o r  
r a d i a t i o n  p r o t e c t i o n .  Th i s  shou ld  i n c l u d e  i n i t i a l  t r a i n i n g  and r e t r a i n i n g  
o f t e n  enough and a t  a p p r o p r i a t e  t imes  so t h a t  a  h i g h  degree o f  p r o f i c i e n c y  i s  
mainta ined.  The recommended t r a i n i n g  and r e t r a i n i n g  requi rements  f o r  genera l  
employees, r a d i a t i o n  worker ,  and r a d i a t i o n  p r o t e c t i o n  s t a f f  t r a i n i n g  a r e  sum- 
mar ized i n  Table  1. T r a i n i n g  r e s u l t s  shou ld  be documented and k e p t  i n  i n d i v i -  
dual  t r a i n i n g  f i l e s  f o r  each s t a f f  member. T r a i n i n g  documentat ion c r i t e r i a  
a r e  d iscussed i n  more d e t a i l  i n  Sec t i on  3.9 o f  t h i s  chap te r .  
3.5 RESPIRATORY PROTECTION TRAINING 
Personnel who may be r e q u i r e d  t o  wear r e s p i r a t o r y  p r o t e c t i o n  shou ld  
r e c e i v e  t r a i n i n g  i n  t h e  p rope r  wear ing and use o f  a l l  r e s p i r a t o r y  p r o t e c t i o n  
dev ices a v a i l a b l e  a t  t h e  LLW d i sposa l  s i t e .  The t r a i n i n g  should  i n c l u d e  a  
d e s c r i p t i o n  o f  how r a d i o a c t i v e  m a t e r i a l  en te r s  i n t o  t h e  human body and how t h e  
r e s p i r a t o r  min imizes t h i s  occurrence. R e s p i r a t o r  t r a i n i n g  should  be g i ven  t o  
anyone whose j o b  r e q u i r e s  t h e  wear ing o f  r e s p i r a t o r s  and t o  those who d i r e c t  
t h e  work. 
T r a i n i n g  i n  t h e  use o f  r e s p i r a t o r y  p r o t e c t i o n  should  be g i ven  by a  q u a l i -  
f i e d  and exper ienced i n s t r u c t o r .  P r e f e r a b l y  t h i s  i n s t r u c t o r  should  be t h e  RSO 
o r  a  de lega ted  s t a f f  member f rom t h e  o n s i t e  r a d i a t i o n  p r o t e c t i o n  group. To be 
q u a l i f i e d ,  t h e  i n s t r u c t o r  shou ld  be knowledgeable i n  t h e  a p p l i c a t i o n  and use 
o f  r e s p i r a t o r y  p r o t e c t i o n  equipment and o f  t h e  hazards assoc ia ted  w i t h  r a d i o -  
a c t i v e  a i r b o r n e  contaminants.  I n  a d d i t i o n ,  t h e  i n s t r u c t o r  should  have one 
y e a r ' s  exper ience i n  t h e  p r a c t i c a l  s e l e c t i o n  and use o f  r e s p i r a t o r s  f o r  p r o t e c  
t i o n  a g a i n s t  a i r b o r n e  r a d i o a c t i v i t y .  It i s  h i g h l y  d e s i r a b l e  t h a t  t h i s  i n d i v i -  
dual  be t r a i n e d  by one o f  t h e  r e s p i r a t o r  manufacturers  i n  t h e  p roper  f i t t i n g ,  
c l ean ing  and r e p a i r i n g  o f  r e s p i r a t o r s .  
Personnel who a r e  t o  use r e s p i r a t o r s  should  r e c e i v e  t r a i n i n g  p r i o r  t o  
e n t e r i n g  o r  beg inn ing  work i n  an a i r b o r n e  r a d i o a c t i v i t y  area where r e s p i r a t o r s  
may be requ i r ed .  As d e f i n e d  here and i n  10 CFR 20.203(d) an a i r b o r n e  r a d i o -  
a c t i v i t y  area i s :  
... any o p e r a t i n g  area i n  which a i r b o r n e  r a d i o a c t i v e  m a t e r i a l  coniposed 
w h o l l y  o r  p a r t l y  o f  l i c e n s e d  m a t e r i a l  e x i s t s  i n  concen t ra t i ons  which, 
TABLE 1. Rad ia t i on  P r o t e c t i o n  T r a i n i n g I R e t r a i n i n g  Summary 
Minimum 
TY pe Complet ion Frequency 
o f  Empl oyees o f  I n i t i a l  o f  Minimum D u r a t i o n  o f  
T r a i n i n g  Rece iv ing  T r a i n i n g  T r a i n i n g  R e t r a i n i n g  T r a i n i n g I R e t r a i n i n g  
General A l l  s i t e  personnel ,  W i t h i n  one Annua l l y  1 h r  c lassroom 
Employee v i s i t o r s ,  and con- week o f  
t r a c t o r s  empl oyment 
Rad ia t i on  S t a f f  members en- P r i o r  t o  Annua l l y  4  h r  c lassroom, 
Worker t e r i n g  r a d i a t i o n  f i r s t  hands-on t r a i n i n g  
areas e n t r y  as needed 
Technic ians 
assuming 
respons i  - 
Rad ia t i on  b i l  i t y  
Pro tec-  
t i o n  
s t a f f  RSOs P r i o r  t o  
assuming 
respons i  - 
b i l i t y  
P r i o r  t o  Ongoing 40 h r  classroom, 
20 h r  
hands-on 
Ongoing As needed 
(annual  l y  
as a  
minimum) 
Respi r a -  Personnel  r e q u i r e d  P r i o r  t o  Annua l l y  2 h r  c lassroom, 
t o r y  Pro- t o  wear r e s p i r a t o r s  f i r s t  1 h r  hands-on 
t e c t i o n  o r  supe rv i se  r es-  use 
p i  r a t o r  work 
which, averaged ove r  t h e  number o f  hours i n  any week d u r i n g  which i n d i v i -  
dua l s  a r e  i n  t h e  area, exceed 25% o f  t h e  amounts s p e c i f i e d  i n  Appendix B 
Tab1 e I ,  Column 1 o f  10 CFR 20. 
It i s  recommended t h a t  t h e  c lassroom i n s t r u c t i o n  phase o f  t h i s  t r a i n i n g  be a t  
l e a s t  two hours  i n  l e n g t h  w i t h  an a d d i t i o n a l  hour  s e t  as i de  f o r  hands-on t r a i n -  
i n g  such as donning, removing, and p roper  f i t t i n g  o f  r e s p i r a t o r s .  
A recommended course o u t l i n e / l e s s o n  p l a n  f o r  t h e  r e s p i r a t o r y  p r o t e c t i o n  
t r a i n i n g  i s  g i ven  below. 
Resp i ra to r y  P r o t e c t i o n  T r a i n i n g  
A. Techn ica l  
Sources o f  a i r b o r n e  r a d i o a c t i v i t y  
A i r bo rne  r a d i o a c t i v e  u n i t s  
B i o l o g i c a l  pathways 
Types o f  r e s p i r a t o r s  
Types o f  f i l t e r s  
Respi r a t o r  o p e r a t i  on 
R e s p i r a t o r  1  i m i t a t i o n s  
R e s p i r a t o r  f i t t i n g  
Proper  use and maintenance 
A c t i o n  f o r  r e s p i r a t o r  ma l f unc t i on .  
B. A d m i n i s t r a t i v e  
1. LLW s i t e  r e s p i r a t o r y  p r o t e c t i o n  p o l i c y  
2. Regu la to ry  and a d m i n i s t r a t i v e  1  i m i t s  
3. A i r bo rne  r a d i o a c t i v i t y  area p o s t i n g  
4. R e s p o n s i b i l i t i e s  o f  i n d i v i d u a l s  
5. Rad io l og i ca l  emergencies. 
The s t a f f  should  be r e t r a i n e d  o f t e n  enough and a t  a p p r o p r i a t e  t imes  so 
t h a t  a  h i g h  degree o f  p r o f i c i e n c y  w i l l  be r e t a i n e d  when r e s p i r a t o r y  p r o t e c t i o n  
equipment i s  a c t u a l l y  used. As a  minimum, i t  i s  recommended t h a t  r e t r a i n i n g  
be performed on an annual bas i s .  
FEMALE RADIATION WORKER TRAINING 
A  s p e c i a l  s i t u a t i o n  a r i s e s  when an o c c u p a t i o n a l l y  exposed woman i s  preg-  
nant .  Exposure o f  t h e  woman's abdomen t o  p e n e t r a t i n g  r a d i a t i o n  f r om  e i t h e r  
e x t e r n a l  o r  i n t e r n a l  sources may a l s o  expose t h e  embryo o r  f e t u s .  A number o f  
s t u d i e s  have i n d i c a t e d  t h a t  t h e  embryo o r  f e t u s  i s  more r a d i o s e n s i t i v e  than  an 
a d u l t ,  p a r t i c u l a r l y  d u r i n g  t h e  f i r s t  t h r e e  months a f t e r  concept ion,  when a  
woman may be unaware o f  h e r  pregnancy. Therefore,  women should  be encouraged 
t o  v o l u n t a r i l y  i n f o r m  t h e  r a d i a t i o n  p r o t e c t i o n  group o f  t h e i r  pregnancy. Every 
e f f o r t  should  be made t o  l i m i t  t h e  dose t o  an embryo- fetus t o  0.5 rem d u r i n g  
t h e  e n t i r e  g e s t a t i o n  p e r i o d  f rom occupa t iona l  exposure o f  t h e  mother.  Th i s  
exposure shou ld  be as u n i f o r m l y  d i s t r i b u t e d  w i t h  t i m e  as i s  p r a c t i c a b l e .  
A l l  i n d i v i d u a l s  who work a t  an LLW d i sposa l  s i t e  shou ld  r e c e i v e  t r a i n i n g  
i n  t h e  r i s k s  assoc ia ted  w i t h  r a d i a t i o n  exposure, i n c l u d i n g  t h e  r i s k s  t o  t h e  
unborn. There fo re ,  i t  i s  necessary t o  p r o v i d e  s p e c i a l i z e d  t r a i n i n g  t o  t h e  
women o n s i t e .  A d d i t i o n a l l y ,  i t  i s  impo r tan t  t h a t  t h e  men work ing  a longs ide  
t h e  women unders tand t h e  r i s k s  i n v o l v e d  and t h e  reasons f o r  t h e  reduced occupa- 
t i o n a l  exposure l i m i t  d u r i n g  pregnancy. Th i s  t r a i n i n g  shou ld  be p a r t  o f  t h e  
genera l  employee and r a d i a t i o n  worker  t r a i n i n g  c u r r i c u l u m  bo th  i n i t i a l l y  
2nd d u r i n g  r e t r a i n i n g .  It i s  recommended t h a t  t h e  f o l l o w i n g  i tems be d iscussed 
d u r i n g  t h i s  segment o f  t h e  t r a i n i n g :  
reassignment t o  o t h e r  work areas 
f i r s t  t h r e e  months o f  pregnancy a r e  t h e  most i m p o r t a n t  
r i s k  t o  t h e  unborn c h i l d  
a b i l i t y  t o  bear  c h i l d r e n  
a d m i n i s t r a t i v e  exposure l i m i t s .  
I n  a d d i t i o n ,  cop ies  of NRC Regu la to ry  Guide 8.13, " I n s t r u c t i o n  Concerning Pre-  
n a t a l  R a d i a t i o n  Exposure,'' shou ld  be made a v a i l a b l e  t o  a l l  s tuden ts .  
3.7 ON-THE-JOB TRAININGIMOCK-UP TRAINING 
On- the- job t r a i n i n g  r e l a t e d  t o  ALARA i s  e s s e n t i a l  f o r  t h e  LLW d i sposa l  
s i t e s .  Th i s  t r a i n i n g  shou ld  i n c l u d e  demonst ra t ion,  p r a c t i c e ,  and d e t a i l e d  
d e s c r i p t i o n s  o f  a c t i o n s  necessary f o r  r a d i a t i o n  p r o t e c t i o n .  Two o f  t h e  most 
e f f e c t i v e  on- the- job  t r a i n i n g  mechanisms a r e  hands-on t r a i n i n g  and t h e  use o f  
f a c i  1  i ty  mock-ups. 
Hands-on t r a i n i n g  shou ld  i n c l u d e  i ns t r umen t  use, survey techniques,  use 
o f  p r o t e c t i v e  c l o t h i n g  and r e s p i r a t o r y  p r o t e c t i o n ,  and decon tamina t ion  o f  
equipment and personnel .  Us ing equipment o r  f a c i l i t y  mock-ups can a l s o  
enhance t r a i n i n g  e f f e c t i v e n e s s .  T h i s  a l l o w s  i n d i v i d u a l s  t o  p r a c t i c e  proce-  
dures i n  a  r e a l i s t i c  s e t t i n g  be fo re  t h e y  e n t e r  areas where a  p o t e n t i a l  f o r  
exposure t o  r a d i o a c t i v e  con tamina t ion  e x i s t s .  T h i s  t y p e  o f  t r a i n i n g  i s  
e s p e c i a l l y  v a l u a b l e  f o r  r e p a i r  and maintenance t asks  t h a t  c o u l d  r e s u l t  i n  h i g h  
doses t o  personnel  i n  r e l a t i v e l y  s h o r t  pe r i ods  o f  t ime.  
3.8 PERFORMANCE EVALUATION 
Each s t a f f  member's knowledge, competency, and unders tand ing  o f  r a d i a t i o n  
p r o t e c t i o n  p r i n c i p l e s  shou ld  be eva luated.  The e v a l u a t i o n  may c o n s i s t  o f  a  
w r i t t e n  o r  o r a l  t e s t  b u t  should ,  i n  most cases, i n c l u d e  an on- the- job  pe r-  
formance t e s t .  
T e s t i n g  c r i t e r i a  shou ld  be developed by  each LLW d i sposa l  s i t e .  However, 
i t  i s  recommended t h a t  w r i t t e n  t e s t s  be developed u s i n g  m u l t i p l e  cho i ce  ques- 
t i o n s .  As a  minimum, t h e  genera l  employee t e s t  shou ld  have 15 t o  20 m u l t i p l e  
cho ice  ques t ions .  The t e s t  should  be g i v e n  immediate ly  f o l l o w i n g  t h e  t r a i n i n g  
w i t h  an a l l o t t e d  t e s t i n g  t i m e  o f  one- ha l f  hour .  The r a d i a t i o n  worker  t e s t  
shou ld  c o n s i s t  o f  25 t o  30 m u l t i p l e  cho i ce  ques t i ons  w i t h  an a l l o t t e d  t e s t i n g  
t i m e  o f  one hour.  Passing grades on these  two t e s t s  shou ld  be 70% o r  g rea te r .  
I f  a  s t u d e n t  f a i l s  a  t e s t  t hen  i t  shou ld  be r e q u i r e d  t h a t  t h e  course be re taken .  
Tes t  ques t i ons  shou ld  be changed p e r i o d i c a l l y  t o  ensure t h a t  t h e  t e s t s  a r e  n o t  
compromised. The ques t i ons  asked, responses g iven,  and t e s t  scores shou ld  be 
documented i n  each s t a f f  member's t r a i n i n g  f i l e .  R e q u a l i f i -  c a t i o n  t e s t i n g  
shou ld  be conducted i n  c o n j u n c t i o n  w i t h  t h e  des igna ted  r e t r a i n i n g  courses. 
TRAINING RECORDS 
A separate training f i l e  should be established for  each s t a f f  member a t  
the LLW disposal s i t e .  As a minimum, the f i l e  should contain the s ta f f  mem- 
ber 's  resume, including academic courses, copies of graded t e s t s  and instruc- 
to r  sign-off sheets. Additional required training records are discussed in 
detail  in Chapter 9.0 of t h i s  document. 
3.10 RECOMMENDATIONS 
Personnel working a t  LLW disposal s i t e s  should be trained regarding the 
risks associated with radioactive material and how to minimize the risks.  
This chapter has outlined the areas of personnel selection and qualification 
and specific training for  various job classif icat ions.  The major recommenda- 
tions made fo r  program adequacy were: 
The RSO should have a Bachelor's Degree in Science or Engineering (or i t s  
equivalent ) and 3 years of experience in radiation protection. 
General employee training should be given on an annual frequency for  a 
one-hour duration. 
Radiation worker training should be given on an annual frequency for  a 
four-hour duration. 
Female radiation worker training should be part  of the radiation worker 
training curricul ums for  general employee, radiation worker and radiation 
protection s ta f f  training. 
4.0 EXTERNAL AND INTERNAL EXPOSURE CONTROL 
M in im i z i ng  e x t e r n a l  and i n t e r n a l  exposure i s  t h e  p r ima ry  o b j e c t i v e  o f  a  
r a d i a t i o n  p r o t e c t i o n  program. I n  a d d i t i o n ,  t h e  ALAKA ph i losophy  must be con- 
s i de red  i n  t h e  development o f  t h e  exposure c o n t r o l s  f o r  t h i s  program. 
The f o l l o w i n g  d i scuss ion  covers t h e  areas o f :  ( 1 )  e x t e r n a l  exposure con- 
t r o l ,  and ( 2 )  i n t e r n a l  exposure c o n t r o l .  
4.1 EXTERNAL EXPOSURE CONTROL 
Ex te rna l  r a d i a t i o n  exposure i s  d e f i n e d  as t h e  exposure o f  t h e  body t o  
r a d i a t i c n  e m i t t e d  by m a t e r i a l s  o u t s i d e  o f  t h e  body. One o f  t h e  o b j e c t i v e s  o f  
an ALARA program a t  an LLW d i sposa l  s i t e  i s  t o  m in im ize  t h e  e x t e r n a l  exposure 
t o  occupa t iona l  workers.  To accompl ish t h i s  o b j e c t i v e ,  an e x t e r n a l  exposure 
c o n t r o l  program must be e s t a b l i s h e d  t o  enable  t h e  s t a f f  t o  p r e d i c t  exposure 
l e v e l s  i n  a d d i t i o n  t o  m i n i m i z i n g  them. 
The f o l l o w i n g  sec t i ons  c o n t a i n  i n f o rma t i on  regard ing :  ( 1 )  program 
respons i  b i l  i ty, ( 2 )  exposure sources, ( 3 )  a d m i n i s t r a t i v e  c o n t r o l s ,  ( 4 )  opera-  
ti onal  c o n t r o l  s, and ( 5 )  dos imetry .  
The o r g a n i z a t i o n  hav ing  o v e r a l l  r e s p o n s i b i l i t y  f o r  r a d i a t i o n  p r o t e c t i o n  
a t  an LLW d isposa l  s i t e  shou ld  a l s o  be respons ib l e  f o r  t h e  es tab l i shmen t  o f  
t h e  exposure c o n t r o l  program. An o r g a n i z a t i o n a l  s t r u c t u r e  f o r  t h e  exposure 
c o n t r o l  program should  be f o r m a l l y  d e f i n e d  and documented. The s t a f f  member 
w i t h  o v e r a l l  r e s p o n s i b i l i t y  f o r  t h e  program a t  an LLW s i t e  should  be t h e  Radia- 
t i o n  Sa fe t y  O f f i c e r  (RSO) o r  R a d i a t i o n  P r o t e c t i o n  Manager, depending upon s i t e  
des igna t i on  o f  t i t l e .  A recommended o r g a n i z a t i o n a l  s t r u c t u r e  i s  o u t l i n e d  i n  
F i gu re  7. The a u t h o r i t y  and d u t i e s  o f  personnel  and o rgan i za t i ons  r e s p o n s i b l e  
f o r  exposure c o n t r o l  shou ld  be documented i n  w r i t i n g .  The personnel  shou ld  
have s u f f i c i e n t  a u t h o r i t y  and o r g a n i z a t i o n a l  freedom t o  i d e n t i f y  problems; t o  
i n i t i a t e ,  recommend o r  p r o v i d e  s o l u t i o n s ;  and where necessary,  t o  c o n t r o l  o r  
s t op  f u r t h e r  work e i t h e r  in- house o r  by vendors. 
Exposure Sources 
Several  f a c t o r s  may a f f e c t  t h e  e x t e r n a l  r a d i a t i o n  exposure a  worker  
r ece i ves  f r om a  r a d i a t i o n  source. These f a c t o r s  i n c l u d e  t h e  a c t i v i t y  l e v e l  o f  
t he  LLW m a t e r i a l  handled, t h e  d u r a t i o n  o f  exposure t o  t h e  LLW m a t e r i a l ,  and 
t he  t y p e  o f  r a d i a t i o n  encountered. 
The a c t i v i t y  l e v e l  o f  t h e  m a t e r i a l  compr is ing  LLW i s  commonly termed t h e  
m a t e r i a l ' s  source s t r e n g t h  and may be expressed i n  u n i t s  o f  c u r i e s  ( o r  S I  
u n i t s  o f  bacquere ls ) .  The exposure r a t e  f r om  t h i s  m a t e r i a l  i s  a  d i r e c t  l i n e a r  
f u n c t i o n  o f  t h e  source s t r e n g t h ,  i . e . ,  i f  t h e  a c t i v i t y  l e v e l  i s  ha lved,  then  
LLW SITE I MANAGER 
I RSO I 
EXPOSURE 1 CONTROL I 
FIGURE 7. Exposure Con t ro l  O rgan i za t i ona l  S t r u c t u r e  
t h e  exposure l e v e l  i s  ha lved.  I n  a d d i t i o n ,  t h e  t o t a l  exposure f r om t h e  mate- 
r i a l  i s  d i r e c t l y  dependent upon t h e  exposure t ime.  That  i s ,  i f  t h e  exposure 
t i m e  i s  ha lved  then  t h e  t o t a l  exposure i s  halved. Th i s  concept  i s  d iscussed 
i n  d e t a i l  i n  Sec t i on  4.1.4.1 o f  t h i s  document. 
The t h r e e  p r ima ry  t ypes  o f  r a d i a t i o n  t h a t  a r e  most o f t e n  encountered f r om 
commercial LLW a re :  a lpha,  beta,  and gamma. O f  these, gamma rays  ( p e n e t r a t i n g  
r a d i a t i o n s ) ,  which can pass th rough  t h e  body and i r r a d i a t e  t h e  i n t e r n a l  organs, 
a r e  cons idered  t o  be more o f  an e x t e r n a l  hazard than  t h e  r e l a t i v e l y  nonpene- 
t r a t i n g  charged p a r t i c l e s ,  such as a lpha  and be ta  r a d i a t i o n .  
An a lpha  p a r t i c l e  must have an energy o f  a t  l e a s t  7.5 MeV t o  pene t ra te  
t h e  0.07-mm-thick p r o t e c t i v e  l a y e r  o f  s k i n  on t h e  human body. The v a s t  ma jo r-  
i t y  o f  known a l p h a- e m i t t i n g  r a d i o n u c l i d e s  have a lpha energ ies  l e s s  than  
7.5 MeV. I n  a d d i t i o n ,  t h e  LLW i s  packaged i n  wood o r  meta l  b u r i a l  c o n t a i n e r s  
which p rov i des  s u f f i c i e n t  s h i e l d i n g  between t h e  LLW and t h e  worker  t o  com- 
p l e t e l y  a t t e n u a t e  t h e  a lpha  p a r t i c l e s .  For  these two reasons, a lpha  p a r t i c l e s  
a r e  n o t  cons idered  t o  p resen t  an app rec i ab le  e x t e r n a l  r a d i a t i o n  hazard,  and 
e x t e r n a l  exposure c a l c u l a t i o n s  shou ld  n o t  be requ i r ed .  The a t t e n u a t i o n  o f  
be ta  p a r t i c l e s  by  a i r  can be apprec iab le .  T h i s  f a c t ,  i n  c o n j u n c t i o n  w i t h  t h e  
a t t e n u a t i o n  p rov i ded  by t h e  b u r i a l  con ta i ne rs ,  i n d i c a t e s  t h a t  be ta  p a r t i c l e s  
f r om  LLW p resen t  a  min imal  e x t e r n a l  r a d i a t i o n  hazard i n  most c i rcumstances.  
However, i t  must be emphasized a t  t h i s  p o i n t  t h a t  e x t e r n a l  be ta  p a r t i c l e  
exposure can be s i g n i f i c a n t  i f  t h e  waste c o n t a i n e r ' s  i n t e g r i t y  i s  compromised. 
I n  a d d i t i o n ,  i f  t h e  waste con ta i ns  h i g h  energy b e t a - e m i t t i n g  i so topes ,  t hen  
these  wi  11 c o n t r i b u t e  t o  t h e  t o t a l  exposure ( i n c l  ud i ng  Bremsst rah l  ung) and t h e  
a p p r o p r i a t e  c o r r e c t i o n s  must be made t o  t h e  t o t a l  exposure. The p r ima ry  source 
o f  e x t e r n a l  r a d i a t i o n  exposure t o  t h e  LLW d i sposa l  s i t e  s t a f f  member i s  f r om  
gamma r a y s  emanating f rom t h e  LLW i n  t h e  b u r i a l  con ta i ne rs .  Gamma measurements 
o r  c a l c u l a t i o n s  may be expressed i n  exposure u n i t s  o f  roentgens ( R )  o r  i n  u n i t s  
o f  dose e q u i v a l e n t  (rem).  
I n  a d d i t i o n  t o  t h e  exposure from LLW b u r i a l  con ta i ne rs ,  workers may be 
s u b j e c t  t o  e x t e r n a l  exposure f r om r a d i o l o g i c a l  c a l i b r a t i o n  sources, f i x e d  s u r -  
f a c e  con tamina t ion  on t r a n s p o r t  v e h i c l e s ,  and background r a d i a t i o n .  The d i s -  
cuss ion  i n  t h e  remainder o f  t h i s  chap te r  w i l l  dea l  o n l y  w i t h  t h e  hand l i ng  and 
d i sposa l  o f  LLW; however, t h e  p r i n c i p l e s  may be a p p l i e d  t o  any source o f  
e x t e r n a l  exposure. 
4.1.3 A d m i n i s t r a t i v e  Con t ro l s  
The RSO, i n  c o n j u n c t i o n  w i t h  o t h e r  s i t e  management, should  c o n t r o l  t h e  
a c t i v i t i e s  o f  personnel  a t  t h e  LLW s i t e  so t h a t  each i n d i v i d u a l ' s  exposure 
does n o t  exceed r e g u l a t o r y  l i n i i t s  and s i t e  a d m i n i s t r a t i v e  c o n t r o l  l e v e l s ,  and 
i s  ma in ta ined  ALARA. 
Ex te rna l  exposure may be ca tego r i zed  as: ( 1 )  whole body exposure, ( 2 )  
s k i n  exposure, o r  ( 3 )  e x t r e m i t y  exposure. Who1 e  body exposure, as d e f i n e d  
here,  i s  t h e  exposure r ece i ved  by t h e  t r u n k  o f  t h e  body, head, gonads, l e n s  o f  
t h e  eye, r e d  bone marrow, and a c t i v e  b lood- fo rming  organs. Exposure t o  
u n l i m i t e d  areas o f  t h e  s k i n  exc l ud ing  t h e  hands and forearms, i s  ca tego r i zed  
as s k i n  exposure. The exposure r ece i ved  by  hands, f e e t ,  and forearms comes 
under t h e  ca tegory  o f  e x t r e m i t y  exposure. I n  t h e  m a j o r i t y  o f  t h e  cases a t  an 
LLW d i sposa l  s i t e ,  t h e  exposure t o  t h e  whole body shou ld  be t h e  1  i m i t i n g  
f a c t o r  and a c t i v e  c o n t r o l  o f  whole body exposure w i l l  ensure t h a t  s k i n  and 
e x t r e m i t y  exposures a re  adequate ly  c o n t r o l l e d .  I f  LLW con ta i ne rs  need t o  be 
man ipu la ted  by hand, a l l  reasonable  e f f o r t  should  be made t o  keep exposure t o  
t he  forearms and hands t o  t h e  genera l  l i m i t  f o r  t h e  sk i n .  
The r e g u l a t o r y  l i m i t s  f o r  e x t e r n a l  dose e q ~ i v a l e n t  based on 10 CFR 20.101 
are:  (1) d u r i n g  any ca lendar  q u a r t e r ,  t h e  t o t a l  occupa t iona l  dose e q u i v a l e n t  
t o  t h e  whole body s h a l l  n o t  exceed 3 rems, and ( 2 )  t h e  dose e q u i v a l e n t  t o  t h e  
whole body, when added t o  t h e  accumulated occupa t iona l  dose e q u i v a l e n t  t o  t h e  
whole body, s h a l l  n o t  exceed 5 x  (N-18) rems where "N"  equals  t h e  i n d i v i d u a l ' s  
age i n  yea rs  a t  h i s / h e r  l a s t  b i r t h d a y .  A d m i n i s t r a t i v e  c o n t r o l  l e v e l s  shou ld  
be e s t a b l i s h e d  t o  ensure t h a t  these  r e g u l a t o r y  l i n i i t s  a re  n o t  exceeded and 
t h a t  t h e  exposures a r e  m in im ized  t o  ALARA. Table  2  l i s t s  a  s e t  o f  recommended 
TABLE 2. A d m i n i s t r 6 t i v e  Con t ro l  Leve ls  f o r  Ex te rna l  
Dose Cont ro l  
Annual Calendar 
Type o f  Exposure (rem j Q u a r t e r  (rem) 
Whole Body 4 1.25 
Sk in  12 3 
Ex t  remi t y  12 3 
a d m i n i s t r a t i v e  c o n t r o l  l e v e l s  f o r  e x t e r n a l  dose e q u i v a l e n t s  a t  an LLW d i sposa l  
s i t e .  The recommended c o n t r o l  l e v e l  f o r  t h e  annual whole body dose e q u i v a l e n t  
was chosen t o  ensure t h a t  t h e  l i m i t i n g  f a c t o r  o f  5 x  (N-18) would n o t  be 
exceeded o r  even approached. A d d i t i o n a l l y ,  t h e  q u a r t e r l y  whole body l e v e l  was 
chosen t o  be c o n s i s t e n t  w i t h  10 CFR 20.101(a).  Sk i n  and e x t r e m i t y  annual dose 
e q u i v a l e n t  c o n t r o l  l e v e l s  were developed assuming t h a t  dose e q u i v a l e n t  c o n t r o l  
l e v e l s  shou ld  be reduced t o  3  rem pe r  ca lendar  q u a r t e r  t o  be c o n s i s t e n t  w i t h  
10 CFR 20 .101 (b ) ( l ) .  Annual l e v e l s  were then  c a l c u l a t e d  by  m u l t i p l y i n g  by 
f o u r  ca lendar  q u a r t e r s  i n  a  yea r .  
L i m i t i n g  t h e  whole body exposure o f  pregnant  females i s  a l s o  o f  p r imary  
concert) i n  any r a d i a t i o n  p r o t e c t i o n  o r  e x t e r n a l  exposure c o n t r o l  program. 
Methods f o r  l i m i t i n g  exposure o f  pregnant  females shou ld  be determined on an 
i n d i v i d u a l  b a s i s  by  t h e  RSO and t h e  i n v o l v e d  s t a f f  member. There fo re ,  women 
should  be encouraged t o  v o l u n t a r i l y  i n f o r m  t h e  r a d i a t i o n  p r o t e c t i o n  group o f  
t h e i r  pregnancy. Every e f f o r t  should  be made t o  l i m i t  t h e  dose e q u i v a l e n t  t o  
t h e  embryo- fetus t o  0.5 rem d u r i n g  t h e  e n t i r e  g e s t a t i o n  p e r i o d  f r om occupa- 
t i o n a l  exposure o f  t h e  mother. Female worker  exposure and a p p l i c a b l e  t r a i n i n g  
i s  d iscussed i n  more d e t a i l  i n  Chapter 3.0 o f  t h i s  document. 
4.1.4 O ~ e r a t i o n a l  Con t ro l s  
The e x t e r n a l  exposure c o n t r o l  program can o n l y  be e f f e c t i v e  i f  o p e r a t i o n a l  
c o n t r o l s  a r e  used i n  c o n j u n c t i o n  w i t h  a d m i n i s t r a t i v e  c o n t r o l s .  Opera t iona l  
c o n t r o l s  as d e f i n e d  here  a r e  those methodolog ies used i n  t h e  f i e l d  t o  reduce 
exposures t o  ALARA. The f o l l o w i n g  d i s c u s s i o n  covers  t h r e e  p r ima ry  f a c t o r s  
t h a t  should  be cons idered  f o r  t h e  r e d u c t i o n  o f  exposure t o  e x t e r n a l  r a d i a t i o n  
when p l ann ing  work. These o p e r a t i o n a l  c o n t r o l  f a c t o r s  a re :  ( 1 )  t ime ,  ( 2 )  
d i s t ance ,  and ( 3 )  s h i e l d i n g .  
4.1.4.1 Time 
The i n f l u e n c e  o f  t i m e  on r e c e i p t  o f  e x t e r n a l  (and i n t e r n a l )  exposure i s  
s t r a i g h t  fo rward .  The t o t a l  exposure r ece i ved  a t  a  g i ven  d i s t a n c e  f r om a  
p a r t i c u l a r  r a d i o a c t i v e  source i s  a  l i n e a r  f u n c t i o n  o f  t h e  exposure t ime;  t h a t  
i s ,  h a l v i n g  t h e  exposure t i m e  w i l l  ha l ve  t h e  t o t a l  exposure. Time spen t  
work ing  i n  a  r a d i a t i o n  environment can be reduced by a  number o f  methods; 
examples i n c l u d e  t r a i n i n g ,  t ime  keeping, t h e  use o f  power equipment such as 
f o r k l i f t s ,  easy access t o  equipment, and m o d i f i c a t i o n  o f  t asks  o r  procedures 
t o  be performed. 
T r a i n i n g  can improve a  w o r k e r ' s  e f f i c i e n c y  and thus  reduce t h e  amount o f  
e x t e r n a l  exposure rece ived .  The t r a i n i n g  programs shou ld  i n c l u d e  t h e  a c t u a l  
performance o f  procedures w i t h  t h e  excep t i on  t h a t  r a d i o a c t i v i t y  and r a d i a t i o n  
a re  absknt .  P r a c t i c e  sess ions shou ld  a l s o  i n c l u d e  t h e  use o f  p r o t e c t i v e  
c l o t h i n g ,  survey ins t ruments ,  e t c .  when a p p l i c a b l e .  F u l l - s c a l e  mock-ups can 
be ve ry  b e n e f i c i a l  because t hey  a l l o w  t h e  workers t o  p r a c t i c e  procedures and 
become more p r o f i c i e n t  and c o n f i d e n t  i n  t h e i r  assigned tasks .  S i g n i f i c a n t  
exposure sav ings can r e s u l t  when u s i n g  mock-ups and t r a i n i n g  f o r  h a n d l i n g  
casks c a r r y i n g  h i g h  a c t i v i t y  LLW. 
Time spent i n  t h e  r a d i a t i o n  environment can a l s o  be c o n t r o l l e d  w i t h  t h e  
use o f  t imekeepers. Th i s  p r a c t i c e  r e q u i r e s  t h a t  t h e  exposure o r  dose equiva-  
l e n t  r a t e  i n  a g i ven  work area be known. The m u l t i p l i c a t i o n  o f  exposure r a t e  
by e lapsed t ime  g i ves  a t o t a l  exposure va lue  rece ived .  Using t imekeepers 
ensures t h a t  personnel i n  t h e  area do n o t  exceed predetermined a d m i n i s t r a t i v e  
c o n t r o l  l e v e l s  and t h a t  personnel do n o t  l i n g e r  i n  t h e  area and r e c e i v e  unwar- 
ran ted  exposure. Th i s  should be accomplished by t h e  t imekeeper n o t i f y i n g  t h e  
worker when t h e  s p e c i f i e d  t ime  has elapsed w i t h  t h e  r e s u l t  t h a t  t h e  worker  
leaves t h e  area. Workers should be i n s t r u c t e c  - ave t he  area immediate ly  
and w i t h o u t  quest ion.  
Time may a l s o  be reduced by ensur ing  ease o f  access t o  equipment and 
areas. Th i s  may be ensured when equipment o r  work areas a re  be ing  designed 
and should be eva lua ted  f r e q u e n t l y  t o  determine i f  new c o n d i t i o n s  wa r ran t  a 
redes ign.  For  example, t h e  c o n s t r u c t i o n  o f  un load ing  p l a t f o r m s  may reduce t h e  
t ime  needed t o  remove LLW con ta ine rs  f rom a t r a n s p o r t  veh i c l e .  By be ing  a b l e  
t o  g e t  a f o r k l i f t  on to  o r  i n t o  t h e  t r a n s p o r t  v e h i c l e  and c l o s e r  t o  t h e  LLW 
con ta ine rs  a cons iderab le  sav ings o f  t ime  and exposure can occur.  F igures  8 
and 9 show two types o f  un load ing  p l a t f o r m s  c u r r e n t l y  used a t  LLW d isposa l  
s i t e s .  
FIGURE 8. Unloading P l a t f o r m  Located a t  Top o f  Trench 
FIGURE 9. Unloading P l a t f o r m  Located W i t h i n  Trench 
4.1.4.2 D is tance  
The t i m e  spent  by  workers  i n  t h e  r a d i a t i o n  f i e l d  produced by LLW, espe- 
c i a l l y  f r om  t h e  b u r i a l  t r ench ,  o f t e n  cannot  be reduced. Workers shou ld  then  
e i t h e r  work a t  an extended d i s t a n c e  f r om t h e  LLW o r  p l a c e  s h i e l d i n g  between 
themselves and t h e  LLW. D is tance  as a  method f o r  r educ ing  r a d i a t i o n  exposure 
can i n c l u d e :  (1) t h e  use o f  remote hand1 i n g  equipment such as cranes, ( 2 )  mov- 
i n g  work away f r om r a d i a t i o n  sources, and ( 3 )  moving ext raneous r a d i a t i o n  
sources away f r om t h e  work area. 
The LLW b u r i a l  c o n t a i n e r s  a r e  no rma l l y  p laced  i n  t h e  b u r i a l  t renches  u s i n g  
cranes. However, i f  s t a c k i n g  o f  c o n t a i n e r s  becomes necessary as a  r e s u l t  o f  
10 CFR 61  c r i t e r i a ,  d iscussed i n  Chapter 10.0, then  personnel  may have t o  be 
i n  p r o x i m i t y  t o  t h e  LLW f o r  a  p e r i o d  o f  t ime .  When i t  i s  necessary t o  manipu- 
l a t e  LLW w i t h  t h e  hands, t h e  work shou ld  be done q u i c k l y  so t h a t  t h e  r a d i a t i o n  
exposure w i l l  be min imized.  E x t r e m i t y  dos imeters  should  be used f o r  t h i s  
ope ra t i on .  I n  a d d i t i o n  t o  t h i s  ope ra t i on ,  i t  must be no ted  t h a t  t h e  use o f  
remote h a n d l i n g  equipment i s  n o t  always t h e  b e s t  method t o  reduce r a d i a t i o n  
exposure. Some man ipu la t i ons  a re  d i f f i c u l t  when us i ng  hand l i ng  t o o l s  and 
because t i m e  i s  an impo r tan t  f a c t o r  i n  de te rmin ing  exposure, i t  i s  p o s s i b l e  
t h a t  t h e  use o f  such t o o l s  may r e s u l t  i n  a  g r e a t e r  exposure t o  t h e  workers  
than  do ing  t h e  m a n i p u l a t i o n  w i t h  t h e  hands. Therefore,  t h e  use o f  remote 
hand l i ng  equipment must be eva lua ted  on a  case-by-case b a s i s  f o r  i t s  exposure 
r e d u c t i o n  va lue .  
Moving t h e  work away f rom r a d i a t i o n  sources can be ve ry  b e n e f i c i a l  b u t  i s  
u s u a l l y  n o t  ve ry  p r a c t i c a l .  Most LLW ope ra t i ons  i n v o l v e  un load ing  waste f rom 
t r a n s p o r t  v e h i c l e s  and p l a c i n g  i t  i n  t h e  b u r i a l  t r e n c h  which i t s e l f  may be t h e  
p r imary  source o f  r a d i a t i o n .  However, i f  t h e  LLW con ta ine rs  a re  r e q u i r e d  t o  
be secured t o  t h e  v e h i c l e  d u r i n g  t r a n s p o r t ,  such as spent  r e s i n  casks, then  
t h e  t ime  r e q u i r e d  t o  remove t h e  secu r i ng  dev ices may become s i g n i f i c a n t .  I n  
t h i s  case, i t  would be advantageous t o  per fo rm t h i s  o p e r a t i o n  a t  a  d i s t ance  
f rom t h e  b u r i a l  t r e n c h  i n  o r d e r  t o  be i n  a  lower  background r a d i a t i o n  f i e l d .  
Another example would be i f  workers need t o  d iscuss  a  p a r t i c u l a r  procedure, 
then  t hey  should move away f r om t h e  r a d i a t i o n  source, such as t h e  t r a n s p o r t  
v e h i c l e  o r  t h e  b u r i a l  t rench ,  u n t i l  they  a r e  ready t o  con t i nue  w i t h  t h e  
opera t ion .  
Moving extraneous r a d i a t i o n  sources away f rom work areas may a l s o  h e l p  t o  
reduce r a d i a t i o n  exposure. One p a r t i c u l a r  example f o r  LLW d isposa l  s i t e s  i s  
w i t h  t h e  placement o f  loaded t r a n s p o r t  veh i c l es .  I t  i s  recommended t h a t  t h e r e  
o n l y  be one v e h i c l e  a t  t h e  b u r i a l  t r e n c h  a t  a  t ime  because o f  t h e  inc reased  
background r a d i a t i o n  l e v e l s  t h a t  o t h e r  v e h i c l e s  may present .  I f  t h i s  i s  n o t  
f e a s i b l e ,  then  i t  i s  recommended t h a t  v e h i c l e s  be separated by a  s u f f i c i e n t  
d i s t ance  so t h a t  r a d i a t i o n  l e v e l s  f rom one v e h i c l e  do n o t  s i g n i f i c a n t l y  
c o n t r i b u t e  t o  r a d i a t i o n  l e v e l s  a t  t h e  v e h i c l e  be ing  unloaded. I n  a d d i t i o n ,  
t h e  o t h e r  loaded v e h i c l e s  should be parked w e l l  away f r om normal personnel 
work l o c a t i o n s  and t r a f f i c  r ou tes  and t h e  d r i v e r s  should n o t  be i n  at tendance. 
S h i e l d i n g  
S h i e l d i n g  can be used t o  reduce r a d i a t i o n  l e v e l s  and thereby  reduce per-  
sonnel exposure. S h i e l d i n g  i s  p rov ided  by p l a c i n g  an absorber between a  
source and an i n d i v i d u a l  t o  s t o p  some f r a c t i o n  o f  t h e  r a d i a t i o n .  Alpha par-  
t i c l e s  can be t o t a l l y  absorbed by a  few.cen t imete rs  o f  a i r  o r  a  few sheets o f  
paper. Beta p a r t i c l e s  can be stopped by a  few meters o f  a i r  o r  a  few m i l l i -  
meters o f  l e a d  o r  p l e x i g l a s s .  Gamma r a d i a t i o n  can pene t ra te  even dense mate- 
r i a l s  such as le'ad; however, t h e  i n t e n s i t y  o f  gamma r a d i a t i o n  can be reduced 
t o  n e g l i g i b l e  l e v e l s  by t h e  use o f  s h i e l d i n g .  The LLW d isposa l  con ta ine rs  
s h i e l d  o u t  a l l  t h e  a lpha  and most o f  t h e  be ta  r a d i a l  av i ng  o n l y  a  gamma 
r a d i a t i o n  f i e l d  t o  cons ider .  
The p r imary  source o f  r a d i a t i o n  a t  a  LLW d isposa l  s i t e  i s  f rom t h e  LLW 
emplaced i n  t h e  b u r i a l  t rench .  One ve ry  e f f e c t i v e  method t o  s h i e l d  t h e  r a d i a -  
t i o n  emanating f r om t h e  t r e n c h  i s  t o  f i l l  over  t h e  LLW w i t h  b a c k f i l l  a f t e r  t h e  
waste has been implaced. I n  a d d i t i o n ,  lower  a c t i v i t y  LLW con ta ine rs  can be 
used t o  s h i e l d  h i g h  a c t i v i t y  LLW. F igu re  10 shows bo th  t h e  use o f  b a c k f i l l  i n  
t h e  r e a r  o f  t h e  t r e n c h  and t h e  use o f  s tacked waste con ta ine rs  as s h i e l d i n g  i n  
t h e  foreground. Another source o f  r a d i a t i o n  exposure i s  t h e  LLW c o n t a i n e r ( s )  
as t hey  a r e  be ing  moved by a  f o r k l i f t  opera to r .  A method t o  reduce exposure 
i n  t h i s  case may be t o  p u t  s h i e l d i n g  m a t e r i a l  on t h e  f r o n t  o f  t h e  f o r k l i f t  
between t h e  LLW and t h e  opera to r .  The h e i g h t  o f  t h i s  s h i e l d i n g  must be 
r e s t r i c t e d  so t h a t  t h e  ope ra to r  has a  c l e a r  v iew t o  un load and t r a n s p o r t  t h e  
LLW. S h i e l d i n g  m a t e r i a l  such as leaded g lass  can be used t o  p rov ide  optimum 
p r o t e c t i o n .  Th i s  method i s  shown i n  F igu re  11 where s h i e l d i n g  m a t e r i a l  has 
been p laced  immediate ly  behind t h e  waste box. 
FIGURE 10. S h i e l d i n g  o f  Emplaced LLW C o n t a i n e r s  
FIGURE 11. S h i e l d e d  Fork Lif t  
4.1.4.4 Other  
Other o p e r a t i o n a l  methods t o  reduce exposure i nc l ude :  
a Min im i z i ng  t h e  number o f  a u t h o r i z e d  r a d i a t i o n  workers  p resen t  by  l i m i t i n g  
t h e  number o f  persons i n  an area a t  a  g iven  t ime.  
e Rad io l og i ca l  pos t i ng .  
Rad io l og i ca l  p o s t i n g  f o r  e x t e r n a l  exposure c o n t r o l  i s  d e f i n e d  as t h e  use 
o f  s igns ,  l a b e l s ,  b a r r i e r s ,  and a l a rm ing  dev ices t o  i n f o r m  personnel  o f  t h e  
p o t e n t i a l  r a d i a t i o n  hazard t h a t  may be encountered upon e n t e r i n g  o r  pass ing  
th rough  ( o r  nearby)  a  posted area, l o c a t i o n ,  o r  p i ece  o f  equipment. The 
p o s t i n g  a p p l i c a b l e  t o  e x t e r n a l  exposure c o n t r o l  can be ca tego r i zed  i n t o  two 
types:  r a d i a t i o n  areas and h i g h  r a d i a t i o n  areas. As d e f i n e d  i n  10 CFR 
20.202(b), a  r a d i a t i o n  area i s :  
Any area access ib l e  t o  personnel ,  i n  which t h e r e  e x i s t s  r a d i a t i o n  
o r i g i n a t i n g  i n  whole o r  i n  p a r t  w i t h i n  l i c e n s e d  m a t e r i a l ,  a t  such l e v e l s  
t h a t  a  ma jo r  p o r t i o n  o f  t h e  body c o u l d  r e c e i v e  i n  any one hour  a  dose 
i n  excess o f  5 m i l l i r e m ,  o r  i n  any 5 consecu t i ve  days a  dose i n  excess o f  
100 m i  11 i rem. 
Rad ia t i on  areas should  be posted w i t h  s i gns  bea r i ng  t h e  r a d i a t i o n  c a u t i o n  sym- 
bo l  and t h e  words: cau t i on ,  r a d i a t i o n  area. 
High r a d i a t i o n  area i s :  
Any area a c c e s s i b l e  t o  personnel ,  i n  which t h e r e  e x i s t s  r a d i a t i o n  o r i g i -  
n a t i n g  i n  whole o r  i n  p a r t  w i t h i n  l i c e n s e d  m a t e r i a l  a t  such l e v e l s  t h a t  a  
ma jo r  p o r t i o n  o f  t h e  body cou ld  r e c e i v e  i n  any one hour  a  dose i n  excess 
o f  100 m i l l i r e m .  
High r a d i a t i o n  area p o s t i n g  shou ld  bear  t h e  r a d i a t i o n  c a u t i o n  symbol and t h e  
words: cau t i on ,  h i g h  r a d i a t i o n  area. 
The r a d i o l o g i c a l  pos t i ng ,  b o t h  f o r  r a d i a t i o n  and h i g h  r a d i a t i o n  areas, 
should  c o n t a i n  enough a d d i t i o n a l  i n f o r m a t i o n  t o  a i d  i n d i v i d u a l s  i n  m i n i m i z i n g  
exposure t o  r a d i a t i o n  o r  t o  r a d i o a c t i v e  m a t e r i a l .  As a  minimum t h e  f o l l o w i n g  
i n f o r m a t i o n  shou ld  be i n c l u d e d  i n  t h e  p o s t i n g  o f  these  two types o f  areas:  
average r a d i a t i o n  l e v e l  
6 maximum expected l e v e l / h o t  spo ts  
9 da te  o f  survey 
* s p e c i a l  p recau t ions .  
The use o f  r a d i o l o g i c a l  p o s t i n g  can h e l p  t o  m in im ize  e x t e r n a l  r a d i a t i o n  
exposure i f  used p r o p e r l y .  However, i f  employees d i s r e g a r d  o r  do n o t  under- 
s tand  t h e  p o s t i n g  then  i t s  e f f e c t i v e n e s s  i s  diminshed. The work area should  
be surveyed every  few months t o  ensure t h a t  t h e  p o s t i n g  adequate ly  descr ibes  
t h e  hazard assoc ia ted  w i t h  t h e  area. The p o s t i n g  shou ld  i n d i c a t e  t h e  ac tua l  
hazard i n v o l v e d  and should n o t  be overposted. Hab i t ua l  overs tatement  o f  
r a d i a t i o n  hazards may cause workers t o  i gno re  t h e  warn ing s igns .  One method 
t o  overcome t h i s  problem i s  through t h e  use o f  t r a i n i n g  on t h e  need f o r  pos t -  
i ng ,  i d e n t i f i c a t i o n  o f  p o s t i n g  types,  and e n t r y  requirements.  Another so lu-  
t i o n  i s  t o  use b a r r i e r s  t o  p reven t  e n t r y .  
A d d i t i o n a l  c o n t r o l s  f o r  e x t e r n a l  exposure c o n t r o l  i nc l ude :  
Frequent r a d i a t i o n  surveys s h a l l  be performed around r a d i a t i o n  and/or  
h i g h  r a d i a t i o n  areas t o  determine whether t h e r e  i s  any d e v i a t i o n  f rom t h e  
normal background 1  eve1 s. 
A l l  con ta i ne rs  used f o r  r a d i o a c t i v e  m a t e r i a l s  s h a l l  be l a b e l e d  i n  accor-  
dance w i t h  Regu la to ry  Guidance. Rad ioac t i ve  warn ing l a b e l s ,  tape, 
s igns,  e t c . ,  s h a l l  n o t  be used f o r  purposes o t h e r  than  those  f o r  which 
they  a r e  in tended.  
Work should be planned ahead, and whenever poss ib l e ,  a  dummy r u n  t o  t e s t  
t h e  procedure should be performed f i r s t .  
A l l  i tems o f  equipment in tended t o  p rov ide  f e a t u r e s  o f  s a f e t y  s h a l l  be 
eva lua ted  p e r i o d i c a l l y  t o  ensure t h a t  they  p rov ide  t h e  s a f e t y  f e a t u r e  
i n  tended. 
Use a  "buddy system" so t h a t  an i n d i v i d u a l  never works a lone  i n  a  r a d i a -  
t i o n  o r  h i g h  r a d i a t i o n  area, p a r t i c u l a r l y  one t h a t  i s  locked.  
Use a u d i b l e  r a d i a t i o n  dosimeters and/or r a d i a t i o n  d e t e c t i o n  ins t rumenta-  
t i o n  w i t h  warn ing l i g h t s  o r  a u d i b l e  alarms. 
Dosimetry 
Dosimetry i s  t h e  measurement o f  t h e  r a d i a t i o n  dose. A  r a d i a t i o n  dosim- 
e t e r ,  l o o s e l y  de f i ned ,  i s  any system capable o f  measuring r a d i a t i o n  dose o r  
dose e q u i v a l e n t .  Dosimeters a r e  t y p i c a l l y  used t o  p rov ide  a  q u a n t i t a t i v e  e s t i -  
mat ion o f  t h e  r a d i a t i o n  dose e q u i v a l e n t  a c t u a l l y  rece ived  by a  worker.  T h e i r  
response should be rep roduc ib l e ,  p rec i se ,  and accurate,  and t hey  should be 
a b l e  t o  measure a l l  i o n i z i n g  r a d i a t i o n .  The dos imeter  should be s imp le  and 
convenient  t o  use, smal l ,  easy t o  handle,  and low i n  cos t .  It should be 
s t r essed  t h a t  a  personnel dos imeter  records  o n l y  t h e  dose i t  has rece ived .  
Therefore,  i t  i s  ex t reme ly  impo r tan t  t h a t  personnel be t r a i n e d  i n  t h e  p roper  
use o f  t h e  dos imeter .  
The f o l l o w i n g  sec t i ons  desc r i be  t h e  types  o f  dos imet ry  recommended f o r  
LLW d i sposa l  s i t e s  and t h e i r  use. Types o f  dos imetry  d iscussed a re :  ( 1 )  photo-  
g raph i c  f i l m ,  ( 2 )  thermoluminescent dos imeters ,  and ( 3 )  pocket  i o n i z a t i o n  
chambers. 
4.1.5.1 Photographic  F i l m  
Photographic f i l m  i s  measurably darkened by r a d i a t i o n  and t h e r e f o r e  can 
p rov ide  a  u s e f u l  e s t i m a t i o n  o f  personnel dose equ i va len t .  The response of 
photographic  f i l m  depends on t h e  t ype  and energy o f  t h e  i n c i d e n t  r a d i a t i o n  and 
i s  a l s o  p r o p o r t i o n a l  t o  t h e  amount o f  r a d i a t i o n  i n c i d e n t  on t h e  f i l m .  Photo- 
g raph i c  f i l m s  a r e  i nco rpo ra ted  i n t o  a dev ice  c a l l e d  a f i l m  badge o r  dosimeter.  
The f i l m  badge i s  designed so t h a t  r a d i a t i o n  can reach t h e  f i l m  e i t h e r  d i r e c t l y  
through an open window, o r  th rough  f i l t e r s .  The f i l t e r s  a r e  d i s c s  made o f  
meta ls ,  such as lead,  t i n ,  copper, cadmium, s i l v e r ,  o r  aluminum, and a re  used 
t o  h e l p  compensate f o r  t h e  d i f f e r e n t  response o f  t h e  f i l m  t o  d i f f e r e n t  types 
and energy o f  r a d i a t i o n .  Most f i l m  wrappers w i l l  s t op  be ta  p a r t i c l e s  w i t h  
energy l e s s  than 150 keV. Thus, f i l m  should n o t  be used t o  mon i t o r  r a d i a t i o n  
exposures f rom low energy e m i t t e r s  such as t r i t i u m ,  carbon-14, o r  su l f u r- 35 .  
I f  a f i l m  i s  processed w i t h o u t  be ing  exposed, i t  w i l l  s t i l l  show a s l i g h t  
p o s i t i v e  reading.  Th is  e f f e c t  i s  known as t h e  base fog .  The magnitude o f  
t h i s  e f f e c t  i s  a f u n c t i o n  o f  t h e  t ype  o f  emulsion, t h e  age o f  t h e  f i l m ,  and 
t h e  manufactur ing processes, as w e l l  as t h e  f i l m  s to rage  c o n d i t i o n s  and 
development t ime.  To c o r r e c t  f o r  t h e  base- fog e f f e c t ,  c o n t r o l  f i l m s  should be 
processed a long  w i t h  t h e  i n d i v i d u a l  wo rke r ' s  f i l m s .  The c o n t r o l  f i l m s  should 
be f rom t h e  same ba tch  as t h e  o t h e r  f i l m s  and s t o r e d  under t h e  same cond i t i ons .  
Then, i f  a l l  a r e  processed i n  t h e  same way, t h e  base f o g  on t h e  c o n t r o l  f i l m s  
a l l ows  i d e n t i f i c a t i o n  o f  extraneous e f f e c t s  as w e l l  as normal fog.  The base- 
f o g  va lues can then  be sub t rac ted  f r om t h e  read ings  o f  t h e  i n d i v i d u a l  f i l m s  t o  
g i v e  c o r r e c t e d  va lues.  Care must be taken t o  p r o p e r l y  s t o r e  t h e  f i l m  so t h a t  
env i ronmenta l  e f f e c t s  f rom temperature,  l i g h t ,  and hum id i t y  a re  minimized. 
Photographic f i l m  dos imeters  a re  n o t  abso lu te  dev ices and t h e r e f o r e  must 
be c a l i b r a t e d  a g a i n s t  a known r a d i o l o g i c a l  source i n  o rde r  t o  r e l a t e  t h e  f i l m ' s  
r ead ing  t o  t h e  exposure de l i ve red .  The c a l i b r a t i o n  o f  dosimeters should be 
performed under very  c a r e f u l l y  c o n t r o l l e d  l a b o r a t o r y  s i t u a t i o n s  us ing  sources 
t r a c e a b l e  t o  t h e  Na t i ona l  Bureau o f  Standards (NBS). 
One o f  t h e  n ia jor  advantages o f  f i l m  dos imeters  i s  t h a t  once they  have 
been processed t h e  i n f o r m a t i o n  i s  n o t  l o s t .  Th i s  a l l ows  t h e  f i l m  dos imeters  
t o  be r e t a i n e d  as a permanent record.  The ma jo r  disadvantage o f  f i l m  dosim- 
e t e r s  i s  t h e i r  s . e n s i t i v i t y  t o  env i ronmenta l  e f f e c t s .  
Thermoluminescent Dosimeters 
As a r e s u l t  o f  i r r a d i a t i o n ,  some s o l i d  substances undergo changes i n  some 
o f  t h e i r  phys i ca l  p r o p e r t i e s .  These changes amount t o  a s to rage  o f  energy, 
and t h i s  forms t h e  bas i s  o f  u s i n g  these  s o l i d s  f o r  dos imetry .  Thermolumines- 
cence i s  de f i ned  as t h a t  p r o p e r t y  o f  a c r y s t a l l i n e  m a t e r i a l  which causes t h e  
emiss ion o f  l i g h t  when t h e  substance i s  heated a f t e r  be ing  exposed t o  i o n i z i n g  
r a d i a t i o n .  Because t h e  amount o f  l i g h t  re leased  f rom a heated c r y s t a l  i s  
p r o p o r t i o n a l  t o  t h e  energy o r  r a d i a t i o n  exposure absorbed w i t h i n  t h e  c r y s t a l ,  
t h e  phenomenon o f  thermoluminescence can be used i n  r a d i a t i o n  dos imetry .  
Thermol uminescent (TL)  m a t e r i a l  i n  t h e  fo rm o f  smal l  wafers  a r e  i nco rpo ra ted  
i n t o  a dev ice  c a l l e d  a thermoluminescent dos imeter  (TLD). The c o n s t r u c t i o n  o f  
t h i s  dev ice  a l l o w s  r a d i a t i o n  t o  reach t h e  TL m a t e r i a l  e i t h e r  d i r e c t l y  through 
an open window, o r  through f i l t e r s .  The f i l t e r s  a r e  used t o  h e l p  d i s t i n g u i s h  
between types  and energy l e v e l s  o f  r a d i a t i o n  and may be meta l  d i s k s  made of 
such m a t e r i a l  s  as lead,  t i n ,  copper,  cadmium, s i  1  v e r y  o r  a1 uminum. M a t e r i a l s  
most commonly used f o r  TLDs are:  ( 1 )  l i t h i u m  f l u o r i d e ,  ( 2 )  c a l c i u m  f l u o r i d e ,  
( 3 )  ca l c i um  s u l f a t e ,  ( 4 )  l i t h i u m  bo ra te ,  and ( 5 )  aluminum ox ide .  
A  dev i ce  c a l l e d  a  TLD reader ,  which has a  c o n t r o l l e d  h e a t i n g  element,  i s  
used t o  hea t  t h e  TL m a t e r i a l  and then  determine how niuch l i g h t  i s  e m i t t e d  dur-  
i n g  t h e  h e a t i n g  process. Once a  TLD has been i r r a d i a t e d  and read  on a  TLD 
reader ,  i t  can be annealed. Anneal ing i s  a  s low h e a t i n g  process t h a t  r e s t o r e s  
t h e  c r y s t a l  t o  i t s  o r i g i n a l  s t a t e .  T h i s  a l l o w s  t h e  TLDs t o  be reused i n  con- 
t r a s t  t o  t h e  one t i m e  use o f  f i l m  dos imeters .  
Thermoluminenscent dos imeters  can be a p p l i e d  i n  any s i t u a t i o n  where f i l m  
dos imeters  a r e  c u r r e n t l y  be ing  used. They a r e  p r e f e r r e d  t o  f i l m  f o r  e x t r e m i t y  
dos imeters  (e.g. , r i n g  and w r i s t  badges), f o r  personnel  m o n i t o r i n g  a t  energ ies  
below approx imate ly  100 keV, and f o r  env i ronmenta l  mon i t o r i ng .  However, TLDs 
do n o t  p r o v i d e  a  permanent r e c o r d  o f  exposure as f i l m  dos imeters  do. Advan- 
tages o f  t h e  TLDs a re  t h a t  t hey  a r e  ve r y  sma l l ,  q u i t e  rugged, e s s e n t i a l l y  
u n a f f e c t e d  by env i ronmenta l  v a r i a b l e s  such as temperature and hum id i t y ,  and 
a re  r e l a t i v e l y  i n s e n s i t i v e  t o  t h e i r  o r i e n t a t i o n g i n  a  r a d i a t i o n  f i e l d .  The TLD 
has a  wide exposure- reponse range (1 mrad t o  10 r a d )  and has a  v e r y  low 
energy dependence. The most popu la r  TL m a t e r i a l ,  L iF ,  has an e f f e c t i v e  a tomic  
number ve r y  c l o s e  t o  t h a t  o f  human muscle t i s s u e .  Thus, i t  i s  cons idered  t o  
respond much as t i s s u e  would and shou ld  be cons idered  " t i s s u e  equ i va l en t . "  
Pocket I o n i z a t i o n  Chambers 
Pocket i o n i z a t i o n  chambers a r e  dos imet ry  dev ices  which a r e  used f o r  x  and 
gamma r a d i a t i o n  d e t e c t i o n .  They a r e  designed t o  be c a r r i e d  i n  t h e  w o r k e r ' s  
pocket  o r  c l i p p e d  t o  p r o t e c t i v e  c l o t h i n g .  They may have v i s u a l ,  mechanical ,  
o r  e l e c t r o n i c  readouts  and may i n c l u d e  a l a rm  f u n c t i o n s .  The pocket  dos imeters  
can be e i t h e r  o f  t h e  s e l f - r e a d i n g  t y p e  o r  read  on a  separate  dev ice.  
The p r imary  advantage o f  pocket  dos imeters  ove r  f i l m  and TL dos imeters  i s  
t h e  a c c e s s i b i l i t y  t o  t h e  exposure data.  Th i s  a l l o w s  t h e  r a d i a t i o n  p r o t e c t i o n  
personnel  and i n d i v i d u a l  workers  i n  t h e  f i e l d  t o  keep c u r r e n t  on t h e  personnel  
exposure s t a t u s  as j o b s  progress.  These dev ices  shou ld  be used o n l y  f o r  
approximate d o s i m e t r i c  e v a l u a t i o n s  and shou ld  always be used i n  c o n j u n c t i o n  
w i t h  TLDs o r  f i l m  dos imeters .  
4.1.5.4 Dos imetry  Use 
When u s i n g  dos imet ry  dev ices t o  measure and c o n t r o l  e x t e r n a l  dose, t h e  
f o l l o w i n g  i tems shou ld  be cons idered.  
Dosimeters must be a p p r o p r i a t e l y  worn on t h e  person i n  o r d e r  t o  e f f e c -  
t i v e l y  measure t h e  exposure: 
For whole body dose measurements, t h e  dos imeter  shou ld  be worn on 
t h e  t r u n k  o f  t h e  body between t h e  w a i s t  and neck w i t h  t h e  be ta  
window f a c i n g  away f rom t h e  body. 
- For  e x t r e m i t y  dose measurements, w r i s t  o r  f i n g e r  r i n g  dos imeters  
shou ld  be worn. The dos imeters  should  be p o s i t i o n e d  so t h a t  t hey  
f a c e  towards t h e  r a d i a t i o n  source. 
- A d d i t i o n a l  dos imet ry  shou ld  be cons idered f o r  t h e  head and g r o i n  
areas when a p p l i c a b l e .  
When p r a c t i c a l ,  severa l  dos imeters  should  be worn t o g e t h e r  t o  a l l o w  f o r  a  
redundancy o r  backup o f  data.  As a  minimum, pocke t  dos imeters  (such as 
p e n c i l  dos imete rs )  shou ld  be worn i n  c o n j u n c t i o n  w i t h  TLDs o r  f i l m  dosim- 
e t e r s  when measur ing whole body exposure a t  LLW d i sposa l  s i t e s .  However 
t h e  TL o r  f i l m  dos ime te r ' s  da ta  i s  t o  be used f o r  t h e  l e g a l  record .  
4.1.5.5 O u a l i t v  Assurance 
The use o f  p r o p e r l y  c a l i b r a t e d  ins t ruments  i s  c r i t i c a l  t o  a  good r a d i a t i o n  
p r o t e c t i o n  program, and i t  i s  t h e  r e s p o n s i b i l i t y  o f  t h e  r a d i a t i o n  p r o t e c t i o n  
group t o  ensure t h a t  o n l y  p r o p e r l y  c a l i b r a t e d  ins t ruments  and dos imeters  a re  
used. Ex te rna l  dos imet ry  dev ices  may be supp l i ed  t o  LLW d i sposa l  s i t e s  by 
vendors. A f t e r  use, t h e  vendors process t h e  dos imeters  and supp ly  exposure 
r e p o r t s  t o  t h e  s i t e s .  I n  o r d e r  t o  ensure t h a t  t h e  exposure da ta  i s  r e l i a b l e ,  
t h e  s i t e  should  per fo rm qua1 i t y  assurance (QA) checks on t h e  vendor data.  The 
method i n v o l v e d  i n  these  checks i s  d iscussed i n  d e t a i l  i n  Sec t ion  8.4.2.2 o f  
t h i s  document. I n  a d d i t i o n ,  dos imeters  shou ld  be c a l i b r a t e d  n o t  by  t h e  pe r -  
sons us i ng  them b u t  r a t h e r  by  someone who has an unbiased v iewpo in t .  A smal l  
r a d i a t i o n  p r o t e c t i o n  o f f i c e  shou ld  p rocure  t h e  se r v i ces  p rov i ded  by  a  commer- 
c i a l  c a l i b r a t i o n  company. C a l i b r a t i o n  companies must m a i n t a i n  t h e i r  t r a c e -  
a b i l i t y  t o  NBS th rough  a  p e r i o d i c  d i r e c t  i n te rcompar ison .  
4.2 INTERNAL EXPOSURE CONTROL 
I n t e r n a l  r a d i a t i o n  exposure i s  d e f i n e d  as t h e  exposure o f  t h e  body t o  
r a d i a t i o n  r e l eased  by  m a t e r i a l s  depos i t ed  i n s i d e  t h e  body. Rad ioac t i ve  mate- 
r i a l s  can e n t e r  t h e  body th rough  i n h a l a t i o n  o f  r a d i o a c t i v e  dusts ,  m i s t s ,  and 
fumes and a l s o  by  i n g e s t i o n  o f  contaminated f ood  o r  wa te r ,  o r  o c c a s i o n a l l y  by 
a b s o r p t i o n  th rough  t h e  s k i n  o r  a wound. 
One o f  t h e  p r ima ry  o b j e c t i v e s  o f  a  r a d i a t i o n  p r o t e c t i o n  program a t  an LLW 
d isposa l  s i t e  i s  t o  m in im ize  t h e  i n t e r n a l  exposure t o  occupa t iona l  workers.  
To accompl ish t h i s  o b j e c t i v e ,  an i n t e r n a l  exposure c o n t r o l  program must be 
e s t a b l i s h e d  and i t  l r~us t  be capable  o f  p r e d i c t i n g  exposure l e v e l s  i n  a d d i t i o n  
t o  m i n i m i z i n g  exposures. 
The f o l l o w i n g  s e c t i o n s  c o n t a i n  i n f o r m a t i o n  rega rd i ng :  (1) program respon- 
s i b i  1  i t y ,  ( 2 )  a d m i n i s t r a t i v e  c o n t r o l s ,  ( 3 )  o p e r a t i o n a l  c o n t r o l s ,  and ( 4 )  b i o -  
su r ve i  11 ance. 
Program R e s p o n s i b i l i t y  
I n t e r n a l  exposure c o n t r o l  program d u t i e s  a t  LLW d i sposa l  s i t e s  should be 
t h e  r e s p o n s i b i l i t y  o f  t h e  r a d i a t i o n  p r o t e c t i o n  group w i t h  t h e  RSO hav ing  over -  
a1 1  respons ib j  1  i ty f o r  t h e  program's e f f e c t i v e n e s s .  An o r g a n i z a t i o n a l  s t r u c -  
t u r e  should be f o r m a l l y  de f i ned  and documented. A recommended o r g a n i z a t i o n a l  
s t r u c t u r e  i s  shown i n  F igu re  7. The a u t h o r i t y  and d u t i e s  o f  personnel and 
o rgan i za t i ons  respons ib l e  f o r  i n t e r n a l  exposure Cont ro l  should be documented 
i n  w r i t i n g .  The personnel should have s u f f i c i e n t  a u t h o r i t y  and o r g a n i z a t i o n a l  
freedom t o  i d e n t i f y  problems; t o  i n i t i a t e ,  recommend o r  p rov ide  s o l u t i o n s ;  and 
where nececessary, t o  c o n t r o l  o r  s t o p  f u r t h e r  work e i t h e r  in-house o r  by 
vendors. 
A d m i n i s t r a t i v e  c o n t r o l s  
The RSO i n  c o n j u n c t i o n  w i t h  o t h e r  s i t e  management s h a l l  c o n t r o l  a c t i v i t i e s  
o f  personnel a t  t h e  LLW s i t e  so t h a t  each i n d i v i d u a l ' s  i n t e r n a l  dose does n o t  
exceed r e g u l a t o r y  l i m i t s  and s i t e  a d m i n i s t r a t i v e  c o n t r o l  l e v e l s .  Therefore,  
eva lua t i ons  should be performed t o  ensure t h a t  phys i ca l  conta inment  o f  LLW, 
a i r  sampl ing and m o n i t o r i n g  programs, and o t h e r  ope ra t i ona l  c o n t r o l s  a r e  s u f -  
f i c i e n t l y  e f f e c t i v e  i n  t h e  c o n t r o l  o f  i n t e r n a l  exposures. The e v a l u a t i o n  o f  
o p e r a t i o n a l  c o n t r o l s  should be p a r t  o f  an a d m i n i s t r a t i v e  c o n t r o l  program. The 
program can be f a c i l i t a t e d  by t h e  use o f  b i o s u r v e i l l a n c e  which should be: 
performed r o u t i n e l y  a t  a  s p e c i f i e d  f requency t o  i d e n t i f y  un favorab le  
t r ends  o r  t o  check t h e  e f f e c t i v e n e s s  o f  o t h e r  i n t e r n a l  exposure c o n t r o l  
methods 
a t e m p o r a r i l y  performed more f r e q u e n t l y  t o  v e r i f y  t h e  adequacy o f  new o r  
m o d i f i e d  equipment and procedures used t o  c o n t r o l  exposures 
t e m p o r a r i l y  performed more f r e q u e n t l y  d u r i n g  an i n v e s t i g a t i o n  o f  an 
unexpected upward t r e n d  o f  m o n i t o r i n g  r e s u l t s  such as may be i n d i c a t e d  by 
smears o r  a i r  samples 
performed a t  a  h i g h  f requency d u r i n g  t asks  which i n v o l v e  exposure t o  h i g h  
concen t ra t i ons  o f  a i r b o r n e  r a d i o a c t i v e  m a t e r i a l .  
B i o s u r v e i l l a n c e  techniques and recommended f requenc ies  a r e  d iscussed i n  d e t a i l  
i n  Sec t ion  4.2.4 o f  t h i s  document. 
The most colrlmon method f o r  o c c u p a t i o n a l l y  exposed i n d i v i d u a l s  t o  r e c e i v e  
exposure i s  th rough  i n h a l a t i o n .  A f t e r  i n h a l a t i o n ,  t h e  r a d i o a c t i v e  m a t e r i a l  
may be g r a d u a l l y  o r  immediate ly  t r a n s f e r r e d  t o  t h e  b lood,  depending upon t h e  
s o l u b i l i t y  o f  t h e  m a t e r i a l .  The m a t e r i a l  may then  be excre ted  f rom o r  
r e t a i n e d  by t h e  body, depending upon t h e  c h a r a c t e r i s t i c s  o f  t h e  m a t e r i a l .  The 
a p p l i c a b l e  r e g u l a t o r y  l i m i t  f o r  i n t e r n a l  i n h a l a t i o n  exposure o f  i n d i v i d u a l s  t o  
concen t ra t i ons  o f  r a d i o a c t i v e  m a t e r i a l s  i n  a i r ,  based on 10 CFR 20.103(a) (1) , 
i s :  
a t h e  amount o f  r a d i o a c t i v e  m a t e r i a l  i n h a l e d  i n  any p e r i o d  o f  one ca lendar  
q u a r t e r  s h a l l  be l e s s  than  t h e  q u a n t i t y  which would r e s u l t  f r om  i n h a l a t i o n  
f o r  40 hours  p e r  week f o r  13 weeks a t  u n i f o r m  concen t ra t i ons  o f  r a d i o -  
a c t i v e  m a t e r i a l  i n  a i r  s p e c i f i e d  i n  Appendix B y  Table  I, Column 1. 
The Table  I values (10 CFR, Appendix B) a r e  r e f e r r e d  t o  as t h e  MPC (Maxi-  
mum Pe rm iss i b l e  Concen t ra t ion )  va lues.  Therefore,  t h e  r e g u l a t o r y  1  i m i  t f o r  
i n h a l a t i o n  o f  a i r b o r n e  r a d i o a c t i v e  m a t e r i a l  i s  t h a t  exposures do n o t  exceed 
40 MPC-hours pe r  week. As d e f i n e d  here MPC-hours a r e  ob ta i ned  by  m u l t i p l y i n g  
t h e  exposure t ime  ( i n  hours )  i n  a  work area by t h e  r e l a t i v e  MPC va lue.  The 
r e l a t i v e  MPC va lue  i s  ob ta i ned  f r om t h e  r a t i o  between t h e  a c t u a l  a i r b o r n e  r a d i o -  
a c t i v i t y  c o n c e n t r a t i o n  and t h e  va lues  g i ven  i n  Appendix B, Table  I ,  Column 1. 
A d m i n i s t r a t i v e  c o n t r o l  l e v e l s  shou ld  be e s t a b l i s h e d  t o  ensure t h a t  t h e  r e g u l a -  
t o r y  l i m i t s  a r e  n o t  exceeded and t h a t  t h e  exposures a r e  min imized t o  ALARA. 
Table 3  l i s t s  a  s e t  o f  recommended a d m i n i s t r a t i v e  c o n t r o l  l e v e l s  f o r  i n t e r n a l  
exposure a t  an LLW d i sposa l  s i t e ,  t h a t  a r e  a  r e s u l t  o f  t h e  r e g u l a t o r y  l i m i t s  
on i n h a l a t i o n  o f  r a d i o a c t i v e  m a t e r i a l .  
TABLE 3. A d m i n i s t r a t i v e  Con t ro l  Leve ls  f o r  I n t e r n a l  
Exposure Cont ro l  
Organ Cont ro l  Leve l  
Gonads 4 remiyear  
Ske le ton  30 remlyear  
Thy ro i d  30 remiyear  
Others  4 r e m i l 3  week o r  
15 remlyear  
L i m i t i n g  t h e  exposure o f  pregnant  iemales i s  a l s o  o f  p r ima ry  concern i n  
t h e  i n t e r n a l  exposure c o n t r o l  program. Every e f f o r t  shou ld  be made t o  l i m i t  
t h e  dose e q u i v a l e n t  t o  t h e  embryo- fetus t o  0.5 rem d u r i n g  t h e  e n t i r e  g e s t a t i o n  
p e r i o d  f r om occupa t iona l  exposure o f  t h e  mother. P rena ta l  exposure and a p p l i -  
cab le  t r a i n i n g  i s  d iscussed i n  more d e t a i l  i n  Chap,Ler 3.0 o f  t h i s  document. 
4.2.3 Opera t iona l  Con t ro l s  
Ex te rna l  r a d i a t i o n  exposures can be min imized by c o n t r o l l i n g  exposure 
t in ie,  i n c r e a s i n g  t h e  work ing  d i s t a n c e  f r om sources, o r  by p l a c i n g  s h i e l d i n y  
between t h e  i n d i v i d u a l  and t h e  sources. tiowever, once r a d i o a c t i v e  m a t e r i a l  
has en te red  t h e  body, t h e r e  i s  u s u a l l y  no h i g h l y  e f f e c t i v e  method t o  reduce 
t he  r a d i a t i o n  exposure. Therefore,  cons ide rab le  e f f o r t  should  be expended t o  
p reven t  any i n t a k e  o f  r a d i o a c t i v e  m a t e r i a l .  
The i n t e r n a l  exposure c o n t r o l  program can o n l y  be e f f e c t i v e  i f  o p e r a t i o n a l  
c o n t r o l s  a r e  used i n  c o n j u n c t i o n  w i t h  a d m i n i s t r a t i v e  c o n t r o l s .  Opera t iona l  
c o n t r o l s  as d e f i n e d  here a r e  those procedures, techniques, o r  g u i d e l i n e s  used 
i n  t h e  f i e l d  t o  reduce exposures t o  ALARA. The f o l l o w i n g  i tems should be con- 
s ide red  when i n s t i t u t i n g  ope ra t i ona l  c o n t r o l s :  
a Hoods and gloveboxes should be used when LLW con ta ine rs  need t o  be 
opened. 
a Smoking, e a t i n g ,  and d r i n k i n g  should n o t  be a l lowed i n  contaminated areas 
o r  a t  t h e  b u r i a l  t r e n c h  d u r i n g  un load ing /bu r i a l  o f  LLW. 
a Upon comple t ion  o f  work w i t h  r a d i o a c t i v e  m a t e r i a l  and i n t e r m i t t e n t l y  du r -  
i n g  t h e  work, each i n d i v i d u a l  should survey t h e i r  hands, shoes, and o t h e r  
areas o f  t h e  body o r  c l o t h i n g  t h a t  may have come i n t o  c o n t a c t  w i t h  t h e  
equipment o r  i tems be ing  worked on. 
a Equipment t h a t  has come i n  c o n t a c t  w i t h  r a d i o a c t i v e  m a t e r i a l s  should n o t  
be used f o r  o t h e r  purposes u n t i l  i t  i s  demonstrated t h a t  con tamina t ion  
l e v e l s  a r e  below t h e  re l ease  l i m i t s  s e t  f o r t h  i n  Table 4, Chapter 6.0. 
a Work should be planned ahead and when deemed necessary, a  p r a c t i c e  run  be 
performed t o  t e s t  procedures. 
Frequent r a d i a t i o n  surveys should be performed around r a d i a t i o n  and/or  
con tamina t ion  areas t o  determine whether t h e r e  i s  any d e v i a t i o n  f rom t h e  
normal background 1 eve1 s. 
e A l l  con ta i ne rs  used f o r  LLW should be l a b e l e d  i n  accordance w i t h  r egu la-  
t o r y  guidance. Rad ioac t i ve  warn ing l a b e l s ,  tape, s igns ,  e tc . ,  should n o t  
be used f o r  purposes o t h e r  than  those f o r  which they  a r e  in tended.  
a LLW should be s t o r e d  i n  such a  manner t h a t  unau thor ized  i n d i v i d u a l s  a r e  
n o t  l i k e l y  t o  a c c i d e n t i a l l y  handle o r  o therw ise  come i n  c o n t a c t  w i t h  it. 
The f o l l o w i n g  d i scuss ion  covers ope ra t i ona l  c o n t r o l s  as they  app ly  t o :  ( 1 )  
su r f ace  contaminat ion,  ( 2 )  a i r b o r n e  r a d i o a c t i v i t y ,  and ( 3 )  p r o t e c t i v e  
c l  o t h i n g l e q u i  pment. These t h r e e  sub jec t s  should be cons idered t o  have t h e  
g r e a t e s t  impact on i n t e r n a l  exposure c o n t r o l .  
4.2.3.1 Sur face Contaminat ion 
Contaminat ion i s  r a d i o a c t i v e  m a t e r i a l  i n  any p lace  where i t  i s  n o t  
des i red ,  and p a r t i c u l a r l y  i n  any p l ace  where i t s  presence may be harmfu l .  
Th is  con tamina t ion  may be e i t h e r  f i x e d  o r  removable. F ixed  con tamina t ion  i s  
r a d i o a c t i v e  m a t e r i a l  t h a t  has become f i r m l y  bound t o  an o b j e c t .  The hazard 
presented by f i x e d  con tamina t ion  i s  an e x t e r n a l  hazard r e l a t e d  t o  t h e  t ype  o f  
r a d i a t i o n  emi t ted .  Removable o r  su r f ace  contaminat ion,  on t h e  o t h e r  hand, i s  
r a d i o a c t i v e  m a t e r i a l  t h a t  i s  r e a d i l y  removed f rom a  su r f ace  by w ip i ng .  Remov- 
ab le  con tamina t ion  can pose bo th  an e x t e r n a l  hazard and, more impor tan t ,  an 
i n t e r n a l  hazard i f  t h e  con tamina t ion  i s  i n h a l e d  o r  ingested.  
Surveys f o r  su r f ace  con tamina t ion  should be conducted r o u t i n e l y  as p a r t  
o f  t h e  ope ra t i ona l  c o n t r o l  program. Personnel surveys should be conducted 
p e r i o d i c a l l y  d u r i n g  t h e  course o f  work and as each person leaves t h e  work 
area. The purpose o f  contan i inat ion s u r v e i l l a n c e  i s  t o  l o c a t e  and i s o l a t e  
con tamina t ion  problem areas be fo re  they  spread t o  u n c o n t r o l l e d  areas o r  cause 
unnecessary r a d i a t i o n  exposures. The p r imary  methods o f  s u r v e i l l a n c e  a r e  wipe 
t e s t i n g  and ins t run len t  surveys f o r  con tamina t ion  on t o o l s  and equipment, and 
f r i s k i n g  f o r  personnel contaminat ion.  However, t h e  key t o  contan i inat ion con- 
t r o l ,  and thus i n t e r n a l  exposure c o n t r o l ,  i s  p reven t ion .  Operat ional  c o n t r o l s  
must ensure t h a t  con tamina t ion  i s  min imized by t h e  use o f  r o u t i n e  surveys and 
decontaminat ions. Contaminat ion c o n t r o l  i s  d iscussed i n  more d e t a i l  i n  
Chapter 7.0 o f  t h i s  document. 
4.2.3.2 A i rborne  R a d i o a c t i v i t y  
Rad ioac t i ve  m a t e r i a l  may become suspended i n  a i r  as a dust ,  m i s t ,  o r  fume. 
Th is  r e l ease  i n t o  t h e  a i r  may conie as a consequence o f  normal work procedures, 
suspension o r  resuspension o f  su r f ace  contaminat ion,  o r  by re l ease  f rom a rup-  
t u r e d  LLW con ta ine r .  Once a i r bo rne ,  these m a t e r i a l s  may be i n h a l e d  by workers,  
r e s u l t i n g  i n  an i n t e r n a l  r a d i a t i o n  exposure. An e f f e c t i v e  ope ra t i ona l  c o n t r o l ,  
which i s  used f o r  m o n i t o r i n g  a i r b o r n e  r a d i o a c t i v i t y ,  i s  an a i r  sampl ing p ro-  
gram. Th i s  program has two major  o b j e c t i v e s :  
1. t o  d e t e c t  t h e  presence o f  r a d i o a c t i v e  dusts ,  m i s t s ,  fumes, e t c .  i n  t h e  
a i r  
2. t o  q u a n t i f y  t h e  amount and t ype  o f  r a d i o a c t i v e  m a t e r i a l  i n  t h e  a i r .  
Continuous mon i t o r i ng  o r  sampl ing f o r  a i r b o r n e  r a d i o a c t i v i t y  should be 
conducted as p a r t  o f  t h e  ope ra t i ona l  c o n t r o l  program. Th i s  should be per-  
formed whenever s t a f f  members have a s i g n i f i c a n t  p o t e n t i a l  f o r  a i r b o r n e  expo- 
sure because o f  r a d i o l o g i c a l  c o n d i t i o n s  i n  t h e  area. A i r  samples should be 
taken i n  a l l  p o t e n t i a l l y  contaminated work l o c a t i o n s  t h a t  a r e  n o t  con t i nuous l y  
monitored. These samples should be analyzed t o  ensure t h a t  personnel a r e  n o t  
knowingly exposed t o  a i r b o r n e  r a d i o a c t i v i t y  concen t ra t i ons  h i ghe r  than  t h e  
l e v e l s  g iven  i n  10 CFR 20, Appendix B y  Table I un less  t hey  a re  wear ing t h e  
p roper  p r o t e c t i v e  appare l .  A i rborne  r a d i o a c t i v i t y  c o n t r o l  i s  discussed i n  
d e t a i l  i n  Chapter 6.0 o f  t h i s  document. 
4.2.3.3 P r o t e c t i v e  Clothing/Equipment 
The purpose o f  p r o t e c t i v e  c lo th ing /equ ipment  i s  t o  p l ace  a b a r r i e r  between 
r a d i o a c t i v e  m a t e r i a l  and t h e  worker.  The p r o t e c t i v e  b a r r i e r  has n e g l i g i b l e  
s h i e l d i n g  c h a r a c t e r i s t i c s  b u t  i t s  main purpose i s  t o  p reven t  contaminat ion o f  
t he  s k i n  o f  personnel and i n h a l a t i o n  o f  a i r b o r n e  r a d i o a c t i v e  m a t e r i a l s .  Two 
c lasses o f  p r o t e c t i v e  appare l  a r e  comnionly used: (1) p r o t e c t i v e  c l o t h i n g ,  
which min imizes t h e  con tamina t ion  o f  an i n d i v i d u a l  ' s  sk in ;  and (2 )  r e s p i r a t o r s ,  
which min imize t h e  i n h a l a t i o n  o f , a i r b o r n e  r a d i o a c t i v e  m a t e r i a l .  P r o t e c t i v e  
apparel  should n o t  be s u b s t i t u t e d  f o r  e i t h e r  good ALARA o r  good eng ineer ing1  
des ign p r i n c i p l e s .  Opera t iona l  c o n t r o l s  a p p l i c a b l e  t o  r e s p i r a t o r y  p r o t e c t i o n  
and p r o t e c t i v e  c l o t h i n g  a re  d iscussed i n  Chapters 5.0 and 7.0, r e s p e c t i v e l y .  
4.2.4 B i o s u r v e i l l a n c e  
A  b i o s u r v e i l l a n c e  program has two o b j e c t i v e s :  t h e  f i r s t  i s  t o  i n d i c a t e  
whether an i n t a k e  o f  r a d i o a c t i v e  m a t e r i a l  has occurred; t h e  second i s  t o  
determine t h e  body o r  organ con ten t  o f  t h e  r a d i o n u c l i d e s  and t o  es t ima te  t h e  
r a d i a t i o n  dose f r om t h e  i n take .  Two b ioassay methods a r e  used t o  es t ima te  t h e  
amount o f  r a d i o a c t i v e  m a t e r i a l  taken  i n t o  t h e  body: ( I )  r a d i o a n a l y s i s ,  and 
(2 )  -- i n  v i v o  coun t ing .  Rad ioana lys is  i s  t h e  measurement o f  r a d i o a c t i v i t y  i n  
u r i n e ,  feces, sec re t i ons  (such as nasal  swabs) and o t h e r  body samples, such as 
b l ood  and o t h e r  t i s s u e s .  -- I n  v i v o  coun t i ng  i s  t h e  measurement o f  t h e  r a d i a t i o n  
e m i t t e d  f rom t h e  body, u s i n g  an e x t e r n a l  de tec to r .  The most common b i o s u r v e i l -  
l ance  methods used a t  LLW d i sposa l  s i t e s  should be: (1) whole body coun t i ng  
as an -- i n  v i v o  method, ( 2 )  t h y r o i d  coun t i ng  as i n  -- i n  v i v o  method, and ( 3 )  u r i n -  
a l y s i s  as a  r a d i o a n a l y s i s  method. F igu re  12 shows a  c h a i r  coun t i ng  system 
w i t h  m u l t i p l e  d e t e c t o r s  f o r  -- i n  v i v o  count ing.  F i gu re  13 d e p i c t s  a  t h y r o i d  
coun t i ng  system. Both systems a r e  c u r r e n t l y  i n  use a t  LLW d i sposa l  s i t e s .  
The f o l l o w i n g  d iscuss ions  cover  t h e  areas o f :  ( 1 )  b i o s u r v e i l  l ance  f r e -  
quency, and ( 2 )  b i o s u r v e i l l a n c e  a c t i o n s  f o l l o w i n g  an i n c i d e n t .  
4.2.4.1 B i o s u r v e i l l a n c e  Frequency 
A l l  LLW s i t e  personnel,  when ass igned t o  t h e  s i t e ,  should have a  b a s e l i n e  
b ioassay performed as soon as i s  p r a c t i c a b l e  f o l l o w i n g  assignment. The base- 
l i n e  b ioassays shou ld  i n c l u d e  a  whole body count  and u r i n a l y s i s  as a  minimum. 
These e v a l u a t i o n s  a r e  performed t o  determine t h e  na tu re  and e x t e n t  o f  any p r i o r  
FIGURE 12. Cha i r  Count ing System Using M u l t i p l e  Detec to rs  
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exposh,e t h a t  cou ld  a f f e c t  an i n d i v i d u a l ' s  a v a i l a b i l i t y  f o r  j o b  assignments. 
These b a s e l i n e  s t u d i e s  can a l s o  be used t o  e s t a b l i s h  p rev ious  exposures which 
should n o t  be c r e d i t e d  t o  t h e  p resen t  work ing  environment. 
A l l  LLW s i t e  personnel who r o u t i n e l y  e n t e r  r a d i a t i o n  areas, contaminated 
areas, o r  handle r a d i o a c t i v e  m a t e r i a l s  should have whole body counts  a t  l e a s t  
annua l l y .  I n  a d d i t i o n ,  bioassays should be performed p e r i o d i c a l l y  t o  ensure 
t h e  adequacy o f  phys i ca l  containment and con tamina t ion  c o n t r o l  measures. The 
f requency o f  eva lua t i ons  should be s u f f i c i e n t  t o  i d e n t i f y  un favorab le  exposure 
t rends .  An inc reased  f requency may be r e q u i r e d  whenever new processes, proce-  
dures, c o n t r o l s ,  o r  equipment a r e  added, t o  v e r i f y  t h a t  p r o t e c t i v e  measures 
a r e  adequate. An inc reased  f requency should be cons idered  whenever su r f ace  o r  
a i r  con tamina t ion  i s  detected.  A d d i t i o n a l l y ,  whole body coun t i ng  should be 
performed when, i n  t h e  judgment o f  t h e  RSO, c o n d i t i o n s  d u r i n g  a j o b  were such 
t h a t  s i g n i f i c a n t  i n t e r n a l  exposure may have occurred. As a minimum, u r i n a l y s i s  
should be used t o  p r o v i d e  backup i n f o r m a t i o n  t o  t h e  whole body coun t i ng  p ro-  
gram. It i s  recommended t h a t  u r i n a l y s i s  be performed on a q u a r t e r l y  b a s i s  i f  
whole body coun t i ng  i s  o n l y  performed annua l l y .  
I f  b i o s u r v e i l l a n c e  i n d i c a t e s  a r e s u l t  g r e a t e r  than  10% o f  t h e  maximum 
p e r m i s s i b l e  organ burden as d e f i n e d  i n  t h e  r e g u l a t o r y  guidance, f o l l o w u p  mea- 
surements should be conducted. The f requency and number o f  subsequent counts 
should be determined by t h e  RSO. The da ta  ob ta i ned  i s  necessary t o  es t ima te  
t h e  i n t e r n a l  dose r a t e s ,  r e t e n t i o n  func t ions ,  and dose commitments; and t o  
determine t h e  n e c e s s i t y  f o r  work r e s t r i c t i o n s  o r  medical  eva lua t i ons .  
B i o s u r v e i l l a n c e  should a l s o  be performed as a  p a r t  o f  t h e  formal  personnel  
t e r m i n a t i o n  sequence i n  o r d e r  t o  determine t h e  a p p r o p r i a t e  l e v e l  o f  i n t e r n a l  
exposure t h a t  may be a t t r i b u t e d  t o  t h e  wo rke r ' s  j o b  func t ion .  A l l  b i o s u r v e i l -  
lance da ta  should be documented. Recordkeeping i s  d iscussed i n  more d e t a i l  i n  
Chapter 9.0. 
B i o s u r v e i l l a n c e  Ac t ions  Fo l l ow ing  an I n c i d e n t  
I f  an i n t a k e  o f  r a d i o n u c l i d e s  i s  suspected, immediate decontaminat ion o f  
t h e  worker  i s  necessary t o  p reven t  a d d i t i o n a l  exposure. I n  a d d i t i o n ,  prompt 
a c t i o n  shou ld  be taken  t o  es t ima te  t h e  magnitude o f  t h e  i n t a k e  and t o  determine 
c o r r e c t i v e  ac t i ons .  The f o l l o w i n g  b i o s u r v e i l l a n c e  a c t i o n s  should be taken: 
R e t r i e v e  samples f rom any a i r  samplers ope ra t i ng  i n  l o c a t i o n s  occupied by 
t h e  i n d i v i d u a l  and measure t h e  a c t i v i t y  present .  
e Check f o r  e x t e r n a l  con tamina t ion  o f  t h e  person 's  c l o t h i n g  and body. 
Q Take nasal  smears and measure a c t i v i t y .  
Q Est imate t h e  p robab le  d u r a t i o n  o f  exposure. Th i s ,  t o g e t h e r  w i t h  a i r b o r n e  
concen t ra t i on  and nasal  smear a c t i v i t y  l e v e l ,  may be t h e  o n l y  immediate ly  
a v a i l  a b l e  i n d i c a t o r  o f  t h e  p robab le  depos i t i on .  
1, C o l l e c t  b ioassay samples, i n c l u d i n g  u r i n e ,  feces,  and/or  b l ood  as appro- 
p r i a t e  (see ANSI N343). 
Perform -- i n  v i v o  examinat ions, i n c l u d i n g  whole body counts  and/or counts  
o f  se lec ted  body areas such as t h y r o i d  o r  wounds. 
Wi th  wounds i n v o l v i n g  r a d i o a c t i v e  m a t e r i a l ,  examine t h e  wound t o  determine 
t h e  presence o f  contaminat ion,  then c l ean  i t  and ensure t h a t  a l l  o r  most 
o f  t h e  contaminant  has been removed. 
I d e n t i f y  t h e  r a d i o n u c l i d e ( s )  i n v o l v e d  t o  a s s i s t  i n  e v a l u a t i o n  o f  i n t e r n a l  
exposure. 
4 Determine t h e  chemical fo rm o f  t h e  r a d i o n u c l i d e ( s )  and i t s  s o l u b i l i t y  i n  
body f l u i d s .  
Determine t h e  phys i ca l  c h a r a c t e r i s t i c s  o f  t h e  m a t e r i a l ,  i n c l u d i n g  p a r t i c l e  
s i z e  measurements. 
4.3 RECOMMENDATIONS 
Th is  chap te r  has o u t l i n e d  methods t o  min imize e x t e r n a l  and i n t e r n a l  expo- 
sure. The major  recommendations made f o r  program adequacy were: 
The use o f  un load ing  p l a t f o r m s  t o  reduce t h e  t ime  needed t o  remove LLW 
con ta ine rs  f rom t r a n s p o r t  veh i c l es .  
The use o f  remote hand l i ng  equipment t o  p rov ide  d i s tance  between t he  
workers and t h e  LLW con ta ine rs  when un load ing  t r a n s p o r t  veh ic les .  
The use o f  b a c k f i l l  t o  s h i e l d  LLW a l ready  emplaced i n  t renches.  
Performance o f  base l i ne  bioassays. 
5.0 RESPIRATORY PROTECTION 
A t  f a c i l i t i e s  where r a d i o n u c l i d e s  a r e  p resen t ,  i t  i s  necessary t o  i d e n t i f y  
a l l  p o t e n t i a l  sources o f  exposure t o  personnel f r om i o n i z i n g  r a d i a t i o n  and 
e s t a b l i s h  dose r e d u c t i o n  methodologies t o  m in im ize  t h a t  p o t e n t i a l .  Ex te rna l  
exposure c o n t r o l  methods may i n c l u d e  such b a s i c  dose r e d u c t i o n  techniques as 
t h e  use o f  t ime,  d is tance ,  and s h i e l d i n g .  I n t e r n a l  exposure, which may r e s u l t  
f rom t h e  uptake o f  r a d i o n u c l i d e s  i n t o  t h e  human body th rough i n h a l a t i o n  o r  
i n g e s t i o n  pathways, can be e f f e c t i v e l y  reduced by t h e  use o f  r e s p i r a t o r y  p ro-  
t e c t i o n .  There e x i s t s  a  p o t e n t i a l  f o r  t h e  uptake o f  r e s p i r a b l e  r a d i o a c t i v e  
m a t e r i a l s  by some workers a t  Low-Level Waste (LLW) d isposa l  s i t e s  f rom such 
u n a n t i c i p a t e d  events  as waste c o n t a i n e r  r u p t u r e  o r  f rom planned a c t i o n s  such 
as opening con ta ine rs  f o r  i nspec t i on .  Because o f  t h i s  p o t e n t i a l ,  a  r e s p i r a t o r y  
p r o t e c t i o n  program i s  necessary a t  these s i t e s  i f  an adequate r a d i a t i o n  p r o t e c -  
t i o n  program i s  t o  be achieved. Therefore,  a  r e s p i r a t o r y  p r o t e c t i o n  program 
should be e s t a b l i s h e d  and implemented a t  a l l  e x i s t i n g  and p o t e n t i a l  LLW d i s -  
posal  s i t e s .  
The f o l l o w i n g  chap te r  d iscusses recommended p r a c t i c e s  f o r  t h e  use o f  
r e s p i r a t o r y  p r o t e c t i o n  a t  LLW d isposa l  s i t e s .  A d d i t i o n a l  i n f o r m a t i o n  can be 
found i n  NUREG-0041, "Manual o f  Resp i ra to r y  P r o t e c t i o n  Aga ins t  A i rborne  
Rad ioac t i ve  M a t e r i a l s . "  
5.1 PROGRAM ESTABLISHMENT 
The magnitude o f  a  r e s p i r a t o r y  p r o t e c t i o n  program should be keyed t o  t h e  
needs o f  a  s p e c i f i c  f a c i l i t y  o r  a c t i v i t y ,  and should be i n t e n s i f i e d  o r  r e l axed  
as c o n d i t i o n s  d i c t a t e .  The r e s p i r a t o r y  p r o t e c t i o n  program should be estab-  
l i s h e d  as an i n t e g r a l  p a r t  o f  t h e  o v e r a l l  r a d i a t i o n  p r o t e c t i o n  program and 
should f o l l o w  t h e  g u i d e l i n e s  s e t  f o r t h  i n  f o rma l i zed  w r i t t e n  procedures. 
These procedures should be developed, approved, and supported by upper manage- 
ment as w e l l  as by t h e  ope ra t i ons  and r a d i a t i o n  p r o t e c t i o n  department managers. 
Where general  procedures govern ing m u l t i - s i t e  ope ra t i ons  a r e  generated by c o r -  
po ra te  l e v e l  management, i t  i s  necessary t h a t  these procedures o f f e r  f l e x i b i l -  
i t y  f o r  s i t e  s p e c i f i c s .  
Procedures should o f f e r  guidance i n :  
program o b j e c t i v e s  
de lega t i on  o f  r e s p o n s i b i l i t y  
a c t i o n  l e v e l s  f o r  r e s p i r a t o r  use 
wearer requi rements (p re requ i  s i t e s )  
t r a i n i n g  
r e s p i r a t o r  f i t t i n g  
p roper  s e l e c t i o n  o f  r e s p i r a t o r s  
c a p a b i l i t i e s  and l i m i t a t i o n s  o f  r e s p i r a t o r s  
maintenance and d i s p o s i t i o n  o f  used r e s p i r a t o r s  
emergency a c t i o n s  
documentat ion and r e p o r t i n g  
e v a l u a t i o n  o f  program e f f e c t i v e n e s s .  
Program des ign  shou ld  a l s o  cons ide r  management s t r u c t u r e  as an i m p o r t a n t  
f a c t o r  f o r  a l l o w i n g  an e f f e c t i v e  ope ra t i on .  For  example, a t  LLW s i t e s  i t  i s  
necessary f o r  ope ra t i ons  and r a d i a t i o n  p r o t e c t i o n  personnel  t o  work t o g e t h e r  
ve r y  c l o s e l y  i n  pe r f o rm ing  many tasks;  however, these  groups shou ld  remain 
separate  e n t i t i e s  i n  o r d e r  t o  a v o i d  s i t u a t i o n s  where r a d i a t i o n  p r o t e c t i o n  may 
be compromised f o r  inc reased  p roduc t i on .  
5.2 RESPIRATORY PROTECTION PROGRAM GUIDANCE FOR LOW-LEVEL DISPOSAL SITES 
The use of  r e s p i r a t o r s  must be based on a  w r i t t e n  p o l i c y  s ta tement  i s sued  
f r om a  h i g h  management l e v e l .  T h i s  management back ing  i s  cons idered  e s s e n t i a l  
t o  an adequate r e s p i r a t o r y  p r o t e c t i o n  program. I n f o r m a t i o n  i n  t h i s  s e c t i o n  
p rov ides  guidance wh ich  may be used t o  ach ieve  an adequate r e s p i r a t o r y  p r o t e c -  
t i o n  program a t  LLW d i sposa l  s i t e s  assuming management back ing.  
Program O b j e c t i v e s  
The ma jo r  o b j e c t i v e  o f  a  r e s p i r a t o r y  p r o t e c t i o n  program a t  LLW d i sposa l  
s i t e s  i s  t o  a i d  i n  m a i n t a i n i n g  i n t e r n a l  exposure t o  personnel  ALARA. The 
r e q u i r e d  use o f  adequate r e s p i r a t o r y  p r o t e c t i o n  by personnel ,  when a i r b o r n e  
r a d i o n u c l i d e s  a r e  p o t e n t i a l l y  p resen t ,  i s  t h e  b a s i c  exposure r e d u c t i o n  t e c h n i -  
que. It shou ld  be no ted  t h a t  i n h a l a t i o n  and i n g e s t i o n  a r e  t h e  pathways o f  
uptake a f f e c t e d  by  r e s p i r a t o r  wear. I n t e r n a l  exposure r e s u l t i n g  f r om  p e n e t r a t -  
i n g  r a d i a t i o n s  o f  e x t e r n a l  o r i g i n  i s  a  separa te  problem which must be d e a l t  
w i t h  i n  a  d i f f e r e n t  manner. 
5.2.2 De leaa t i on  o f  R e s ~ o n s i b i l i t i e s  
NUREG-0041 s p e c i f i e s  t h a t  t h e  u l t i m a t e  r e s p o n s i b i l i t y  f o r  a  r e s p i r a t o r y  
p r o t e c t i o n  program be ves ted  i n  one i n d i v i d u a l .  A h e a l t h  p h y s i c i s t ,  i n d u s t r i a l  
h y g i e n i s t ,  s a f e t y  eng ineer ,  o r  o t h e r  s i m i l a r l y  q u a l i f i e d  person may d i r e c t  t h e  
program. The r e s p o n s i b l e  person i n  charge "must have t h e  a b i l i t y ,  t r a i n i n g ,  
and exper ience  t o :  
e v a l u a t e  t h e  t o t a l  hazard and t h e  j o b  
recommend eng inee r i ng  c o n t r o l s ,  if a p p r o p r i a t e  
s p e c i f y  r e s p i r a t o r y  p r o t e c t i o n  i f  c o n t r o l  cannot be o the rw i se  ob ta i ned  
f o r b i d  t h e  use o f  r e s p i r a t o r s  i f  c o n d i t i o n s  war ran t .  
The r e s p o n s i b l e  person shou ld  have, i n  a d d i t i o n  t o  h i s  o t h e r  q u a l i f i c a t i o n s ,  
a t  l e a s t  one y e a r ' s  f i e l d  exper ience  i n  t h e  use o f  r e s p i r a t o r s . "  
5.2.3 A c t i o n  Leve l s  f o r  R e s p i r a t o r  Wear 
Normal o p e r a t i n g  c o n d i t i o n s  a t  l o w- l e v e l  waste d i sposa l  s i t e s  do n o t  
r e q u i r e  t h e  cons tan t  wear ing o f  r e s p i r a t o r s ,  even f o r  workers  engaged i n  
un load ing  ope ra t i ons .  A i r bo rne  concen t ra t i ons  o f  r a d i o n u c l i d e s ,  which m igh t  
r e s u l t  f r om t h e  r u p t u r e  o f  a  waste con ta ine r ,  would n o t  be expected t o  remain 
a t  "maximum p e r m i s s i b l e  concen t ra t i on"  (MPC) l e v e l s  (as 1  i s t e d  i n  10 CFR, P a r t  
20, Appendix By  Table 1, Column 1 )  f o r  a  s i g n i f i c a n t  p e r i o d  o f  t ime.  Th i s  
judgment i s  based on parameters such as t h e  a n t i c i p a t e d  r a p i d  d i s p e r s a l  o f  
r e s p i r a b l e  p a r t i c u l a t e s  and gases i n  an open a i r  environment, and f u r t h e r ,  
upon t h e  c a p a b i l i t y  a v a i l a b l e  a t  t h e  s i t e s  t o  q u i c k l y  cover  r u p t u r e d  con ta ine rs  
w i t h  f i l l  d i r t .  The cove r i ng  ope ra t i on  does n o t  r e q u i r e  t h a t  workers  be i n  
p r o x i m i t y  t o  t h e  con ta ine r .  
When a  known p o t e n t i a l  e x i s t s  f o r  t h e  presence o f  a i r b o r n e  rad ionuc l i des ,  
however, t h e  p roper  use o f  r e s p i r a t o r y  p r o t e c t i o n  equipment can reduce i n t e r n a l  
doses s i g n i f i c a n t l y .  The e f f e c t i v e n e s s  o f  t h e  program depends upon e i t h e r  
knowing i n  advance t h a t  a  p o t e n t i a l  hazard e x i s t s ,  o r  th rough  t h e  a b i l i t y  o f  
personnel t o  q u i c k l y  recogn ize  and r e a c t  t o  problems r e s u l t i n g  f r om i n a d v e r t e n t  
happenings. 
A c t i o n  l e v e l s  f o r  r e s p i r a t o r  wear should be s i g n i f i c a n t l y  conse rva t i ve  so 
as t o  n o t  a l l o w  personnel t o  e n t e r  areas w i t h o u t  r e s p i r a t o r y  p r o t e c t i o n  where 
t h e  a i r b o r n e  concen t ra t i on  va lues l i s t e d  i n  10 CFR, P a r t  20, Appendix B, Table 
1, Column 1 have been exceeded. To ma in ta i n  exposure ALARA, however, r e s p i r a -  
t o r s  should be worn by personnel when e n t e r i n g  areas o r  per fo rming  t asks  which 
have h i s t o r i c a l l y  y i e l d e d  a i r b o r n e  concen t ra t i ons  i n  excess o f  25% o f  t h e  MPC 
as s p e c i f i e d  i n  Appendix B, Table 1, Column 1 o f  10 CFR 20, averaged ove r  t h e  
number o f  hours i n  any week d u r i n g  which i n d i v i d u a l s  occupy t h e  area (10 CFR, 
P a r t  20.203). 
H i s t o r i c a l  da ta  p rov ide  i n d i c a t o r s  which may d i c t a t e  t h e  need f o r  r e s p i r a -  
t o r  wear. A f t e r - t h e - f a c t  i n d i c a t o r s  such as a i r  sample alarms, h i g h  a i r  sample 
a n a l y s i s  data,  o r  survey r e s u l t s  showing loose  con tamina t ion  r e s u l t i n g  f rom 
performance o f  tasks  where r e s p i r a t o r s  were n o t  worn, may r e q u i r e  t h a t  i n t e r n a l  
dose es t ima t i ons  be c a l c u l a t e d  f rom fo l l ow- up  b i o s u r v e i l l a n c e  data.  It i s  n o t  
a  sound ALARA p r a c t i c e  t o  r e l y  on a f t e r - t h e- f a c t  i n d i c a t o r s .  
Some tasks,  such as t h e  sandb las t i ng  o f  contaminated equipment, we ld ing  
contaminated equipment, o r  t h e  opening o f  LLW con ta ine rs  f o r  any purpose 
should,  by t h e  na tu re  o f  t he  t ask ,  r e q u i r e  r e s p i r a t o r  wear. 
Personnel,  e n t e r i n g  an area o f  suspected o r  known h i g h  su r f ace  o r  a i r b o r n e  
contaminat ion,  should always wear r e s p i r a t o r y  p r o t e c t i o n  (e.g. , r e - e n t e r i n g  
t h e  b u r i a l  t r e n c h  a f t e r  a  c o n t a i n e r  r u p t u r e  has occur red) .  Resp i ra to r s  should 
be worn when e n t e r i n g  o r  access ing t r a n s p o r t  vans o r  t r a i l e r s  where damaged o r  
l e a k i n g  con ta ine rs  a re  ev iden t .  Resp i ra to r  wear should be cons idered  when 
e n t e r i n g  areas where gross removable su r f ace  con tamina t ion  l e v e l s  exceed a  few 
thousand (2000-5000) d i s i n t e g r a t i o n s  p e r  minute.  Th i s  i s  a  recommended " r u l e  
o f  thumb," i f  e n t r y  i n t o  an area i s  necessary be fo re  a i r  sample r e s u l t s  can be 
obta ined.  It should be k e p t  i n  mind t h a t  t he  p o t e n t i a l  hazard may va ry  w i t h  
d i f f e r e n t  r ad ionuc l i des ,  b u t  r a d i o i s o t o p e  i d e n t i f i c a t i o n  da ta  may n o t  be 
r a p i d l y  a v a i l a b l e .  A d d i t i o n a l l y ,  r a d i a t i o n  p r o t e c t i o n  personnel should always 
be g iven  t he  a u t h o r i t y  t o  r e q u i r e  r e s p i r a t o r  wear as i s  deemed necessary. 
5.2.4 Wearer Requirements 
P r e r e q u i s i t e s  f o r  r e s p i r a t o r  use by  an employee a re :  
A  medica l  examinat ion f r om a  company-approved p h y s i c i a n  o r  p h y s i c i a n ' s  
a s s i s t a n t  w i t h  an emphasis on key body f u n c t i o n s  (e.g., p rope r  pulmonary 
f u n c t i o n )  which may be e f f e c t e d  by r e s p i r a t o r  wear. The p h y s i c i a n  must 
supp ly  a  c e r t i f i c a t e  o f  h e a l t h  s t a t i n g  t h a t  t h e  examinee's p h y s i c a l  cond i -  
t i o n  i s  such t h a t  r e s p i r a t o r  wear i s  approved. Any r e s t r i c t i o n s  on t h e  
types  o f  r e s p i r a t o r s  which a r e  approved must be inc luded .  An annual 
re- examina t ion  i s  necessary. 
T r a i n i n g  i n  t h e  p roper  i s sue  o f  r e s p i r a t o r s ,  use and post- use d i s p o s i t i o n  
techniques f o r  each r e s p i r a t o r  t ype  and model approved f o r  use. 
R e s p i r a t o r  f i t  t e s t  t o  ensure a  p roper  sea l  f o r  each r e s p i r a t o r  t y p e  and 
model t o  be worn; such f a c t o r s  as abnormal f a c i a l  s t r u c t u r e  and f a c i a l  
h a i r  which may h i n d e r  a  p roper  sea l  shou ld  r e c e i v e  s p e c i a l  a t t e n t i o n .  
A performance e v a l u a t i o n  w h i l e  wear ing r e s p i r a t o r s  under work c o n d i t i o n s .  
N o t i c e  t h a t  he may l eave  t h e  c o n t r o l l e d  area a t  any t i m e  i n  t h e  even t  o f  
equipment ( r e s p i r a t o r )  ma l f unc t i on ,  phys i ca l  o r  psycho log i ca l  d i s t r e s s  o r  
o t h e r  c o n d i t i o n s  o f  s t r e s s  as s t a t e d  i n  NUREG-0041, Sec t i on  2.2. 
5.2.5 T r a i n i n g  
Personnel who may be r e q u i r e d  t o  wear r e s p i r a t o r y  p r o t e c t i o n  must r e c e i v e  
thorough i n s t r u c t i o n  i n  t h e  p roper  use o f  r e s p i r a t o r y  p r o t e c t i o n  dev ices  a v a i l -  
a b l e  f o r  use a t  t h a t  s p e c i f i c  s i t e .  R e t r a i n i n g  shou ld  be done on an annual 
bas is ;  e s p e c i a l l y  where r e s p i r a t o r s  a r e  i n f r e q u e n t l y  used. More i n f o r m a t i o n  
concern ing t r a i n i n g  i s  s u p p l i e d  i n  Sec t i on  3.0. 
5.2.6 R e s p i r a t o r  F i t t i n g  
Normal ope ra t i ons  a t  l o w- l e v e l  d i sposa l  s i t e s  do n o t  no rma l l y  p resen t  a  
s i g n i f i c a n t  prob lem f r om a i r b o r n e  r a d i o a c t i v e  m a t e r i a l s .  However, a  r e s p i r a t o r  
f i t  t e s t  must be performed t o  ensure p r o t e c t i o n  o f  t h e  workers  when r e s p i r a t o r y  
p r o t e c t i o n  i s  r equ i r ed .  NUREG-0041, Chapter 8.5 d e f i n e s  a  minimum q u a l i t a t i v e  
f i t t i n g  program as one employing a  cha l lenge  atmosphere o f  s t a n n i c  c h l o r i d e ,  
i soan~y l  a c e t a t e  (banana o i l ) ,  o r  t i t a n i u m  t e t r a c h l o r i d e  t o  determine which 
models o f  masks g i v e  each wearer t h e  b e s t  p r o t e c t i o n .  P r e f e r r a b l y ,  these  t e s t s  
shou ld  be adm in i s t e red  w i t h  t h e  wearer i n s i d e  of a  t e s t  boo th  o r  chamber. I f  
t h e  wearer can d e t e c t  t h e  odor f r om  t h e  banana o i l  o r  i s  i r r i t a t e d  by t h e  
smoke, t h e  f i t  i s  n o t  s a t i s f a c t o r y .  A r epea t  of t h e  t e s t  must t hen  be done 
a f t e r  t h e  mask has been re- ad jus ted .  A i r  concen t ra t i ons  o f  100 p a r t s  p e r  m i l -  
l i o n  (ppm) and 1000 ppm isoamyl a c e t a t e  a r e  recommended f o r  f i t  t e s t i n g  h a l f -  
masks and f u l l - f a c e  masks, r e s p e c t i v e l y .  Half-masks shou ld  be f i t  t e s t e d  
b e f o r e  each use because o f  t h e  added d i f f i c u l t y  i n  a c h i e v i n g  a  p rope r  sea l .  
F u l l - f a c e  masks may be f i t  t e s t e d  l e s s  f r e q u e n t l y ,  b u t  a t  l e a s t  once o r  t w i c e  
pe r  y e a r  assuming t h a t  nega t i ve  o r  p o s i t i v e  p ressure  t e s t s  a re  conducted 
be fo re  each use. 
Negat ive p ressure  t e s t s  may be performed by c l o s i n g  t h e  r e s p i r a t o r ' s  a i r  
i n l e t  by p l a c i n g  t h e  palm o f  t h e  hand over  i t  and i n h a l i n g  g e n t l y .  I f  a  p roper  
seal  i s  achieved, t h e  face- p iece  w i l l  remain s i g h t l y  co l l apsed  f o r  a  p e r i o d  o f  
10 seconds. P o s i t i v e  p ressure  t e s t s  may r e q u i r e  t h a t  t h e  e x h a l a t i o n  va lue  
cover  be'removed and t h e  va l ve  be c losed  o f f  w i t h  t h e  palm o f  t h e  hand. Gent le  
e x h a l a t i o n  should produce a  p o s i t i v e  p ressure  i n i i d e  o f  t h e  mask. I f  t h e  pres-  
sure cannot be mainta ined,  a  l e a k  i s  i n d i c a t e d  and a  p roper  f i t  has n o t  been 
achieved. These t e s t s  a r e  t o  be used w i t h  a i r  p u r i f y i n g  r e s p i r a t o r s ;  n o t  w i t h  
suppl i e d - a i r  model s. 
5.2.7 Proper S e l e c t i o n , o f  Resp i ra to r s  
A l l  r e s p i r a t o r  models t o  be used must be approved by t h e  Na t i ona l  I n s t i -  
t u t e  f o r  Occupat ional  Sa f k t y  (NIOSH). Three types o f  r e s p i r a t o r ,  each t o  be 
used f o r  d i f f e r e n t  c o n d i t i o n s ,  should p rov ide  adequate r e s p i r a t o r y  p r o t e c t i o n  
t o  workers a t  t h e  LLW d isposa l  s i t e s  under a l l  fo reseeab le  cond i t i ons .  These 
are:  
h a l f - f a c e  masks; a i r  p u r i f y i n g  
f u l l - f a c e  masks; a i r  p u r i f y i n g  
a f u l l  - face  masks; s e l f  con ta ined  b r e a t h i n g  apparatus (SCBA) . 
A i r  p u r i f y i n g  models p r o t e c t  t h e  wearer by removing s p e c i f i c  contaminants 
f rom t h e  i n h a l e d  a i r  by means o f  a  f i l t e r  c a r t r i d g e  o r  c a n i s t e r .  These can i s-  
t e r s  c o n t a i n  m a t e r i a l s  which e f f e c t i v e l y  remove a  s p e c i f i e d  p a r t i c u l a t e  f rom 
t h e  a i r .  Therefore,  i t  i s  o f  t h e  utmost importance t h a t  t h e  a p p r o p r i a t e  can- 
i s t e r  be a t tached as t h e  c o l l e c t i o n  media i s  n o t  e f f e c t i v e  f o r  a l l  ambient 
atmospheres. The f u l l - f a c e  a i r  p u r i f y i n g  and hal f-mask a i r  p u r i f y i n g  r e s p i r a -  
t o r s ,  c u r r e n t l y  be ing  used a t  LLW d isposa l  s i t e s ,  a r e  shown i n  F igu re  14. 
A i r  p u r i f y i n g  models should n o t  be se lec ted  f o r  use i n  con f i ned  areas 
where h i g h  a i r b o r n e  p a r t i c u l a t e s  o r  r a d i o a c t i v e  gases a r e  present ,  because 
t h e r e  a r e  maximum concen t ra t i ons  above which these models do n o t  adequate ly  
p r o t e c t  t h e  wearer. Supp l i ed- a i r  models should be se lec ted  f o r  use i n  such 
atmospheres. I n  a d d i t i o n ,  a i r - p u r i f y i n g  h a l f -  o r  f u l l - f a c e  masks should n o t  
be used i n  oxygen d e f i c i e n t  atmospheres. 
Se l f - con ta ined  b r e a t h i n g  apparatus (SCBA) model s  supply  a i r  t o  t h e  wearer 
f rom a  supply  tank,  c a r r i e d  by t h e  wearer. These u n i t s  supply  b rea thab le  a i r  
r ega rd less  o f  t h e  ambient environment.  They should be se lec ted  f o r  use i n  
atmospheres where h i g h  concen t ra t i ons  o f  a i r b o r n e  r a d i o a c t i v e  p a r t i c u l a t e s  
gases, o r  oxygen d e f i c i e n t  atmospheres a r e  a n t i c i p a t e d ,  ( i  .e., f o r  r a d i a t i o n  
r e l a t e d  f i r e - f i g h t i n g  o r  e n t e r i n g  areas where a  r u p t u r e d  o r  open con ta ine r  
presents  a  h i g h  a i r b o r n e  p o t e n t i a l ) .  The demand f o r  SCBA use a t  LLW d isposa l  
s i t e s  i s  low; however, a  few u n i t s  should be made a v a i l a b l e  f o r  use under 
abnormal o r  emergency s i t u a t i o n s .  
Full -Face Respi rator  
Half-Mask 
FIGURE 14. Examples of Respiratory Protection Used a t  LLW Disposal Sites 
5.2.8 C a p a b i l i t i e s  and L i m i t a t i o n s  o f  Resp i ra to r s  
It i s  impo r tan t  t h a t  personnel who may be r e q u i r e d  t o  wear r e s p i r a t o r y  
p r o t e c t i o n  be t ho rough l y  t r a i n e d  i n  t h e i r  p roper  use. Th i s  t r a i n i n g  should 
a l s o  make workers aware t h a t  c e r t a i n  l i m i t a t i o n s  a r e  assoc ia ted  w i t h  these  
devices. With t h i s  knowledge, t h e  a p p r o p r i a t e  r e s p i r a t o r  can be chosen f o r  
each task .  Sec t ion  5.2.5 o f  t h i s  document suggests t h e  use o f  t h r e e  b a s i c  
types o f  r e s p i r a t o r s  a t  LLW s i t e s .  
Half-masks a r e  capable o f  removing p a r t i c u l a t e s  f r om b r e a t h i n g  a i r  under 
i d e a l  c i rcumstances. The e f f e c t i v e n e s s  o f  t h i s  dev ice  i s  h i g h l y  dependent on 
t h e  a b i l i t y  t o  ach ieve and ma in ta i n  a  good f a c i a l  sea l .  A l i m i t e d  number o f  
s t r aps  a re  a v a i l a b l e  f o r  secu r i ng  t h e  hal f-mask i n  p lace.  Fur ther ,  because 
t h e  face- p iece  covers o n l y  p a r t  o f  t h e  face,  these u n i t s  a r e  prone t o  l e a k  
around t h e  mask's per imete r .  A d d i t i o n a l l y ,  t hey  do n o t  o f f e r  p r o t e c t i o n  t o  
t h e  eyes f rom be ta  r a d i a t i o n  as do f u l l  f ace  r e s p i r a t o r s .  Therefore,  i t  i s  
recommended t h a t  hal f-masks o n l y  be se lec ted  f o r  use under ve ry  low hazard 
c o n d i t i o n s .  T r a i n i n g  sessions should s t r e s s  t h e  l i m i t a t i o n s  o f  hal f-mask 
models. Q u a r t e r  masks should n o t  be used. 
The na tu re  o f  t h e  contaminant ( i  .e., t h e  phys i ca l  and chemical s t a t e )  
must be cons idered i n  t h e  p rope r  c a n i s t e r  s e l e c t i o n .  Both h a l f -  and f u l l - f a c e  
a i r - p u r i f y i n g  r e s p i r a t o r s  r e l y  on t h e  c a n i s t e r  be ing  app rop r i a te  f o r  t h e  
hazardous atmosphere. Can i s te r s  designed t o  c o l l e c t  p a r t i c u l a t e s  do n o t  o f f e r  
p r o t e c t i o n  a g a i n s t  r a d i o a c t i v e  gases o r  vapors. C e r t a i n  c a n i s t e r s  a r e  approved 
by N I O S H  f o r  removal o f  s p e c i f i c  gases and vapors. Extreme care  must be exer-  
c i s e d  i n  t h e i r  use t o  ensure t h a t  t h e i r  l i m i t a t i o n s  a r e  n o t  exceeded. There- 
f o r e ,  a i r  p u r i f y i n g  h a l f -  o r  f u l l - f a c e  r e s p i r a t o r s  should n o t  be used f o r  
p r o t e c t i o n  a g a i n s t  r a d i o n u c l i d e s  t h a t  decay f r om p a r t i c u l a t e s  t o  gases o r  f rom 
gases t o  p a r t i c u l a t e s .  Ne i t he r ,  should they  be worn i n  ve ry  h i g h  a i r b o r n e  
concen t ra t i on  atmospheres. 
Supp l i ed- a i r  r e s p i r a t o r s  o f f e r  p r o t e c t i o n  a g a i n s t  gaseous and/or p a r t i c u -  
l a t e  atmospheres. The ma jo r  l i m i t a t i o n s  o f  these dev ices can be a t t r i b u t e d  t o  
t h e  l i m i t e d  a i r  supply  con ta ined  i n  t h e  tank  and t h e i r  a d d i t i o n a l  we igh t  and 
bu lk .  These r e s t r i c t o r s  a re  n o t  ma jo r  problems f o r  l ow- leve l  waste s i t e  
appl  i c a t i o n s .  Fo r  ope ra t i ons  r e q u i  r i n g  r e s p i  r a t o r  wear a t  1 ow- level  waste 
s i t e s ,  t h e  f u l l  - face  a i r  p u r i f y i n g  niodel s  w i t h  a p p r o p r i a t e  c a n i s t e r ( s )  a t t ached  
a r e  g e n e r a l l y  t h e  most d e s i r a b l e .  Half-mask usage should be 1  i m i t e d  and SCBA 
models should be a v a i l a b l e  f o r  use i n  h i g h  hazard s i t u a t i o n s .  
5.2.9 Maintenance and D i s p o s i t i o n  o f  Used Resp i ra to r s  
Th i s  s e c t i o n  d iscusses maintenance and d i s p o s i t i o n  o f  used r e s p i r a t o r s .  
However, new equipment should a l s o  be inspec ted  t o  p reven t  t h e  use o f  d e f e c t i v e  
equipment. The i n s p e c t i o n  process, except  f o r  r a d i a t i o n  surveys, should be 
t h e  same whether t h e  r e s p i r a t o r s  a re  new o r  used. 
A l l  r e s p i r a t o r s  should be c a r e f u l l y  removed a f t e r  use t o  avo id  t h e  poten-  
t i a l  t r a n s f e r  o f  r a d i o a c t i v e  con tamina t ion  f rom t h e  r e s p i r a t o r  t o  personnel .  
Resp i ra to r s  should n o t  be removed u n t i l  t h e  wearer i s  s a f e l y  o u t  o f  t h e  hazard 
area. Then, each r e s p i r a t o r  should r e c e i v e  a r a d i a t i o n  survey t o  determine 
i t s  p roper  d i s p o s i t i o n .  Resp i ra to r s  t h a t  a r e  found t o  be contaminated should 
be decontaminated u n t i l  t h e r e  i s  no de tec tab le  removable a c t i v i t y ,  u s i n g  s tan-  
dard  swipes. ANSI Standard 288.2-1980, " P rac t i ces  f o r  Resp i ra to r y  P r o t e c t i o n "  
s t a t e s  t h a t  a l l owab le  l e v e l s  o f  f i x e d  con tamina t ion  should n o t  exceed 100 
d i s i n t e g r a t i o n s  pe r  minute p e r  100 cm2 f i x e d  a lpha and 0.2 mrad/hr o f  
beta-gamma above background a t  con tac t .  
Resp i ra to r  facepieces t h a t  a re  below t h e  above contan i inat ion l e v e l s  may 
be reused by t h e  same person on t h e  same work ing  day. Beyond t h a t  work ing  
day, t hey  should n o t  be reused b e f o r e  c lean ing ,  s a n i t i z i n g  and i n s p e c t i o n  has 
been done. 
Resp i ra to r s  should n o t  be c leaned and s a n i t i z e d  be fo re  t hey  have rece i ved  
a r a d i o l o g i c a l  survey and a r e  found t o  be w i t h i n  r e l ease  l i m i t s .  "Cleaned," 
as r e f e r r e d  t o  here, does n o t  imp l y  r a d i o l o g i c a l  decontaminat ion. Cleaning, 
d i s i n f e c t i o n ,  and i n s p e c t i o n  f o r  f a u l t y  o r  d e t e r i o r a t e d  components must be 
performed p e r i o d i c a l l y .  Facepieces, w i t h  t h e  c a n i s t e r s  removed, may be washed 
i n  warm water  u s i n g  a good de te rgen t .  E l e c t r i c  dishwashers may be adapted t o  
c l ean  facepieces.  A f t e r  washing, t hey  should be r i n s e d  and d r i e d ;  extreme 
heat  (>140°F) o r  a g i t a t i o n  should be avoided. 
The s a n i t i z i n g  agent may be added t o  t h e  c l ean ing  s o l u t i o n  o r  a p p l i e d  t o  
t h e  facep iece  d i r e c t l y .  Care should be taken t o  t ho rough l y  r i n s e  t h e  u n i t  t o  
remove t h e  s a n i t i z e r  s o l u t i o n .  Commercial c l e a n e r - s a n i t i z e r s  a r e  a v a i l a b l e ,  
o r  a  s u i t a b l e  compound such as a h y p o c h l o r i t e  s o l u t i o n  w i t h  50 ppm c h l o r i n e ,  
may be used. 
I n s p e c t i o n  o f  hal f-masks and f u l l - f a c e  a i r - p u r i f y i n g  r e s p i r a t o r s  should 
ensure t h e  i n t e g r i t y  o f :  
s t r a p  
facep iece  
va lves  and v a l v e  seal  
c a r t r i d g e  mounts and gaskets 
l e n s  o r  eyepiece 
clamps and connect ions 
speaking diaphram (where appl  i c a b l e )  . 
Se l f - con ta ined  b r e a t h i n g  appratus models a r e  more compl i ca ted  because o f  t h e  
l a r g e r  number and i n t r i c a c y  o f  t h e  component p a r t s .  Therefore,  i t  i s  recom- 
mended t h a t  a  f a c t o r y  c e r t i f i e d  person per fo rm o r  oversee t h e  i n s p e c t i o n  and 
maintenance o f  these  u n i t s .  
U n i t s  found t o  be d e f e c t i v e  a t  any t ime  should be removed f r om s e r v i c e  
u n t i l  d e f e c t i v e  p a r t s  have been r e p a i r e d  o r  rep laced.  
5.2.10 Emergency Ac t i ons  
The p o t e n t i a l  f o r  a  ma jo r  a i r b o r n e  con tamina t ion  problem f r om rad ionu-  
c l i d e s  a t  LLW d i sposa l  s i t e s  i s  low. It i s  d i f f i c u l t  t o  e n v i s i o n  a i r  concen- 
t r a t i o n s  a t  these  s i t e s  which would r e q u i r e  t h e  s imul taneous use o f  more than  
a  few SCBA u n i t s ,  except  f o r  a  f i r e .  Procedures shou ld  be i n  p lace ,  however, 
which would o f f e r  guidance f o r  a c t i o n s  t o  be taken by personnel  i f  such an 
occurrence shou ld  a r i s e .  
5.2.11 Documentation and R e ~ o r t i n s  
C e r t a i n  i n f o r m a t i o n  p e r t i n e n t  t o  t h e  r e s p i r a t o r y  p r o t e c t i o n  program shou ld  
be documented. These records  may be va luab le  t o  i d e n t i f y  p o t e n t i a l  problems 
and t o  determine program e f f e c t i v e n e s s  th rough  t h e  c o r r e l a t i o n  o f  h i s t o r i c a l  
da ta  . 
I t  i s  adv isab le ,  where p r a c t i c a l ,  t o  r e c o r d  i n f o r m a t i o n  on p r i n t e d  s tan-  
dard  forms. T h i s  method a l l o w s  f o r  b o t h  cons is tency  i n  r e p o r t i n g  and r a p i d  
da ta  r e t r i e v a l .  A r e c o r d  system shou ld  be e s t a b l i s h e d  and should  i n c l u d e  
i n f o r m a t i o n ,  such as: 
a normal background a i r  concen t ra t i ons  o f  r a d i o n u c l i d e s  
a abnormal a i r  c o n c e n t r a t i o n  l e v e l s  o r  p o t e n t i a l  hazardous atmospheres 
r e s u l t i n g  f rom t a s k  performance 
a r e s p i r a t o r  usage (normal and abnormal ) 
a a i r  sampl ing r e s u l t s  
a b i o s u r v e i l l a n c e  da ta  keyed t o  hazardous atmospheres 
a dose assignment 
a r e s p i r a t o r  procurement da ta  
r e s p i r a t o r  maintenance da ta  
a t r a i n i n g  and r e s p i r a t o r  f i t  t e s t  r e s u l t s .  
Procedures shou ld  s p e c i f y  a  r e p o r t i n g  h e i r a r c h y  t o  ensure t h a t  impo r tan t  
i n f o r m a t i o n  p romp t l y  reaches t h e  d e s i r e d  people  and/or  o r g a n i z a t i o n .  
5.2.12 Proaram E f f e c t i v e n e s s  
Because t h e  purpose o f  a  r e s p i r a t o r y  p r o t e c t i o n  program i s  t o  a i d  i n  main- 
t a i n i n g  exposure ALARA, t h e  program's e f f e c t i v e n e s s  must be keyed t o  dose da ta  
over  a  p e r i o d  o f  t ime. The c o n t r i b u t i o n  o f  i n t e r n a l  dose assignments t o  t h e  
t o t a l  dose may r e f l e c t  t r ends  t h a t  i n d i c a t e  t h e  adequacy o f  t h e  program. B io -  
s u r v e i l l a n c e  da ta  can be p l o t t e d  a g a i n s t  waste volume processed, r a d i o n u c l i d e  
and a c t i v i t y  concen t ra t i ons  o f  waste processed, and i n t e r n a l  t o  e x t e r n a l  dose 
r a t i o s  ove r  t ime  pe r i ods  o f  i n t e r e s t  as f u r t h e r  i n d i c a t o r s  o f  program e f f e c -  
t i veness .  Prominen t l y  d i sp layed  p l o t s  which i n d i c a t e  such t r ends  may a l s o  be 
he1 p f u l  as a  worker  awareness t o o l .  
5.3 RECOMMENDATIONS 
Th i s  chap te r  has o u t l i n e d  recommended p r a c t i c e s  f o r  t h e  use o f  r e s p i r a t o r y  
p r o t e c t i o n  a t  LLW d i sposa l  s i t e s .  The major  recommendations made f o r  program 
adequacy were: 
a Support  o f  s i t e  management f o r  a  r e s p i r a t o r y  p r o t e c t i o n  program th rough a  
w r i t t e n  po l  i c y  statement.  
a Performance o f  annual medical  exams t o  determine a b i l i t y  t o  wear r e s p i r a -  
t o r y  p r o t e c t i o n .  
T r a i n i n g  i n  t h e  p roper  use and care  o f  r e s p i r a t o r s .  
Performance o f  r e s p i r a t o r  f i t  t e s t s .  
Use o f  NIOSH approved r e s p i r a t o r s .  
L i m i t e d  use o f  hal f-masks. 
A i r - p u r i f y i n g  r e s p i r a t o r s  n o t  t o  be used i n  atmospheres immediate ly  
hazardous t o  l i f e  o r  hea l t h .  
6.0 SURVEILLANCE 
Radiological surveillance a t  LLW disposal s i t e s  i s  a key factor  to  con- 
trol  radioactive contamination and maintaining exposure ALARA. Routine sur- 
veys provide information on the effectiveness of the contamination control 
program. Exposure ra te  measurements, taken prior t o  and during the performance 
of certain tasks,  often provide the i n i t i a l  indicators for  needed dose reduc- 
tion actions. These actions may include revisions i n  job techniques, added 
shielding, or personnel placement t o  avoid high exposure ra te  areas. Radiation 
monitoring resul ts  may be used to  support dosimetry data. More importantly, 
radiation monitoring i s  often the only means t o  detect and document exposure 
to  areas of the body which have no dosimeters and would therefore not be 
detected. Air sample resul ts  and biosurveillance data can be compared t o  
determine the effectiveness of the respiratory protection program. These 
examples emphasize the importance of a radiological surveillance program a t  
LLW s i t e s .  
6 .1  SCOPE 
The scope of the radiological surveillance program a t  LLW s i t e s  should be 
keyed t o  the needs of the specif ic  s i t e  and/or operation. In general, a l l  
s i t e s  require surveillance in similar categories; although, the intensity or 
magnitude of the program may vary from s i t e  to  s i t e .  This i s  because act ivi-  
t i e s  may be limited a t  some s i t e s  due to  the low waste volume processed while 
others require a fu l l  work schedule in order t o  process the large volume of 
waste received. 
Radiological surveillance programs should be formulated and implemented 
a t  each LLW s i t e  to  adequately ensure the protection of personnel against 
radiological hazards and to  optimize contamination control. The program should 
follow management approved, formalized written procedures covering each phase 
of the overall surveillance program. Although radiological hazards are  rela-  
t ively low a t  LLW s i t e s ,  surveillance ac t iv i t i e s  s t i l l  need to  provide radio- 
logical protection t o  occupational workers and to  the general public. The 
surveillance ac t iv i t i e s  of the program should include: 
a perform continuous monitoring of radiological conditions throughout the 
f a c i l i t y  
a use of radiation work procedures (permits) 
a monitor the radiation dosimetry program 
a make recommendatians fo r  and ensure tha t  adequate protective clothing and 
respiratory protection are being used 
perform contamination control surveys 
a provide personnel monitoring services 
survey incoming shipments and ou tgo ing  t r a n s p o r t  v e h i c l e s  
p r o v i d e  con t inuous  m o n i t o r i n g  o f  b u r i a l  ope ra t i ons  and o t h e r  a c t i v i t i e s ,  
as necessary  
per fo rm r e l e a s e  surveys o f  t o o l s ,  equipment, v e h i c l e s  and personnel  
m o n i t o r  decontaminat ion ope ra t i ons  
a i r  sample c o l l e c t i o n ,  coun t i ng ,  and a n a l y s i s  
c o r r e l a t e  a i r  sample r e s u l t s  w i t h  b i o s u r v e i l l a n c e  da ta  
e ensure compl iance w i t h  s t a t e ,  f e d e r a l ,  and i n t e r n a l  r e g u l a t i o n s  on 
r a d i a t i o n  p r o t e c t i o n  
generate  and m a i n t a i n  documentat ion o f  t h e  above a c t i v i t i e s .  
The f o l l o w i n g  s e c t i o n s  o f f e r  recommendations t o  pe r f o rm  t h e  ma jo r  s u r v e i l -  
l ance  a c t i v i t i e s .  
6.2 RADIOLOGICAL MONITORING OF FACILITIES 
The s u r v e i l l a n c e  program must p r o v i d e  f o r  an ongoing method t o  document 
r a d i o l o g i c a l  c o n d i t i o n s  th roughou t  t h e  f a c i l i t y .  Surveys t o  p r o v i d e  t h i s  
i n f o r m a t i o n  a r e  u s u a l l y  performed on a  scheduled frequency keyed t o  t h e  poten-  
t i a l  f o r  change i n  c o n d i t i o n s  a t  a  s p e c i f i c  b u i l d i n g  o r  area o f  i n t e r e s t .  
Cu r ren t  p r a c t i c e s  a t  e x i s t i n g  LLW d i sposa l  s i t e s  p r o v i d e  f o r  f r e q u e n t  (e.g. , 
week ly )  surveys o f  b u i l d i n g s  where t h e r e  i s  a  con tamina t ion  p o t e n t i a l ,  w h i l e  
b u i l d i n g s  o r  areas where ve r y  l i t t l e  p o t e n t i a l  e x i s t s  a r e  t y p i c a l l y  surveyed 
on a  month ly  schedule.  Rout ine surveys o f  f a c i l i t i e s  p r o v i d e  an e x c e l l e n t  
i n d i c a t i o n  o f  t h e  e f f e c t i v e n e s s  o f  t h e  con tamina t ion  c o n t r o l  program. 
RADIATION WORK PROCEDURES 
W r i t t e n  procedures t h a t  o f f e r  i n s t r u c t i o n  i n  r a d i a t i o n  s a f e t y  shou ld  be 
i n  p l ace  f o r  s p e c i f i c  tasks .  These procedures,  sometimes c a l l e d  r a d i a t i o n  
work permi ts ,  a r e  i n t ended  t o  s p e c i f y  p r o t e c t i v e  c l o t h i n g  and equipment 
requi rements ,  and may o f f e r  i n s i g h t  i n t o  t h e  t ypes  and q u a n t i t i e s  o f  r a d i a t i o n  
whi,ch may be encountered d u r i n g  t a s k  performance. T y p i c a l l y ,  these  documents 
a re  approved and s igned  by  managers o r  t h e i r  de lega ted  r e p r e s e n t a t i v e s  f r om  
ope ra t i ons ,  r a d i a t i o n  p r o t e c t i o n ,  and o t h e r  departments assoc ia ted  w i t h  t h e  
s p e c i f i c  task .  A l l  personnel  wo rk i ng  on t h e  t a s k  must be f a m i l i a r  w i t h  t h e  
procedure.  Where p r a c t i c a l ,  i t  i s  a  good p r a c t i c e  t o  p o s t  a copy o f  t h e  r a d i a -  
t i o n  work procedure i n  a  conspicuous l o c a t i o n  a t  t h e  j o b  s i t e .  
6.4 PERSONNEL DOSIMETRY 
The present method t o  col lect  personnel dose data i s  through the wearing 
of personnel dosimeters. Personnel dosimeters, as referred t o  here, contain 
e i ther  thermol uminescence ( T L )  materials or photographic film as the exposure 
response media. A dosimetry program should be in place a t  each LLW disposal 
s i t e  des-igned to  f i t  the needs of that  specific s i t e .  In general, a l l  LLW 
disposal s i t e s  have similar dosimetry needs; however, dosimeter selection, 
replacement frequency, and program administration may vary somewhat. TL and 
film dosimeters each offer  advantages in certain areas,  b u t  i t  i s  generally 
accepted that  the advantages of TL dosimeters outweigh those offered by film 
dosimeters for  most applications.. I t  i s  also important that  dosimeters be 
worn in the manner which they were designed to  be worn. The response of the 
dosimeter may be highly.dependent upon i t s  close attachment t o  the central 
trunk area of the upper body and orientation of the dosimeter to  the source of 
radiation. I t  may be important, for  correct dosimeter response, that  the front 
of the dosimeter i s  aimed away from the body, not toward i t .  Personnel dosim- 
etry i s  discussed in detail  in Section 4.1.5 of Chapter 4.0. 
6.5 PERSONNEL MONITORING 
Constant monitoring of radiological conditions should be aimed toward 
limiting personnel exposure and controlling the spread of contamination. 
Workers should heed the advice of radiation protection personnel and cooperate 
fu l ly  in e f for t s  t o  maintain exposure ALARA.  I t  should be anticipated by a l l  
workers that  changing conditions in operations may cause radiological condi- 
tions to  change as well. Radiation measurements should be taken immediately 
upon any obvious change in physical conditions related t o  the j o b .  
Self-monitoring may be desirable when exposure rates or contamination 
levels are low. As the hazard potential increases, personnel monitoring should 
be performed by highly skilled individuals. LLW disposal s i t e s  presently 
require that  radiation protection personnel receive intensive training in 
personnel monitoring techniques t o  develop a  high degree of competency. 
6.5.1 Instrumentation Types 
I n  order t o  detect and quantify radiation from radioactive materials i t  
i s  necessary t o  se lec t  the proper instrument or device. Each type of radiation 
( i  .e. , a1 pha, beta, and gamma) has different  physical character is t ics .  These 
different  physical character is t ics  require different  designs of detection and 
measurement devices t o  adequately detect ,  measure and/or different iate  the 
three types of radiations. Additional differences may be required by the 
intended application of the device, e .g . ,  portabi l i ty ,  detection of more than 
one type of radiation, etc.  
Some detectors are capable of measuring more than one type of radiation. 
When such detectors are used, the versa t i l i ty  of the instrument must be recog- 
nized and the contribution of each radiation t o  the total  measured value 
must be i d e n t i f i e d .  Coverse ly ,  i t  i s  o f t en  necessary t o  use more t han  one 
i ns t r umen t  i n  o r d e r  t o  d e t e c t  and measure a l l  r a d i a t i o n s  p resen t .  
R a d i a t i o n  d e t e c t i o n  i ns t r umen ts  a t  LLW d i sposa l  s i t e s  may be c a t e g o r i z e d  
as: 
p o r t a b l e  i ns t r umen ts  
f i x e d  and movable ins t ruments  
personnel  m o n i t o r i n g  ins t ruments .  
These c a t e g o r i e s  d e f i n e  t h e  manner i n  which t h e  i ns t r umen t  o r  dev i ce  i s  
t y p i c a l l y  used. P o r t a b l e  ins t ruments  a r e  those  designed t o  be hand c a r r i e d  t o  
t h e  measurement l o c a t i o n .  F i xed  and movable i ns t r umen ts  a r e  those  w i t h  e i t h e r  
l i m i t e d  p o r t a b i l i t y  o r  permanent ly i n s t a l l e d  i n  a  f i x e d  l o c a t i o n .  Personnel  
i n s t r umen ts  a r e  those  used f o r  personal  surveys,  whether p o r t a b l e  such as a  
f r i s k e r ,  f i x e d  such as a  p o r t a l  mon i t o r ,  o r  a  personnel  dos imete r  such as a  
f i l m  dos imeter .  
P o r t a b l e  r a d i a t i o n  p r o t e c t i o n  i ns t r umen ts  may employ i o n i z a t i o n  chambers, 
Ge iger- Mue l le r  tubes,  s c i n t i l l a t i o n  m a t e r i a l ,  o r  g a s l a i r  p r o p o r t i o n a l  d e t e c t o r s  
as p a r t  o f  t h e  i ns t r umen t  package. 
I o n i z a t i o n  chamber t y p e  i ns t r umen ts  a r e  u s u a l l y  used t o  measure exposure 
o r  dose r a t e s .  The t y p i c a l  i n s t r umen t  c o n s i s t s  o f  an i o n  chamber, an e l e c t r o -  
meter,  and a  mete r  readout .  B a t t e r i e s  supp ly  t h e  vo l t age .  R a d i a t i o n  e n t e r i n g  
t h e  chamber causes i o n i z a t i o n  i n  t h e  f i l l  gas ( f i l l  gas i s  n o r m a l l y  a i r ) .  The 
r a t e  o f  i o n i z a t i o n  o c c u r r i n g  i n  t h e  chamber f r om  r a d i a t i o n  can be read  on t h e  
meter  o f  t h e  ins t rument .  By p roper  c a l i b r a t i o n  o f  t h e  i ns t r umen t ,  t h e  r e a d i n g  
on t h e  meter  may be d i r e c t l y  r e l a t e d  t o  t h e  r a t e  t h a t  r a d i a t i o n  energy i s  
absorbed by  t h e  a i r  i n  t h e  i o n i z a t i o n  chamber. Po r t ab le  i o n i z a t i o n  i n s t r u -  
ments (dose r a t e  mete rs )  a r e  no rma l l y  c a l i b r a t e d  t o  read  d i r e c t l y  i n  roen tgen  
(R) pe r  u n i t  o f  t ime.  
Ge iger- Mue l le r  (GM) t y p e  d e t e c t i o n  ins t ruments  a r e  used p r i m a r i l y  f o r  
d e t e c t i n g  be ta  and gamma r a d i a t i o n s .  GM d e t e c t o r s  a r e  e s s e n t i a l l y  g a s - f i l l e d  
i o n i z a t i o n  chambers designed t o  opera te  i n  a  pu l se  mode. I n  t h e  p u l s e  mode, 
t h e  t ube  i s  opera ted  a t  a  v o l t a g e  p o t e n t i a l  such t h a t  a  s i n g l e  i o n i z i n g  even t  
i n i t i a t e s  a  cascade which i o n i z e s  a l l  t h e  gas i n  t h e  tube. Th i s  cascade p r o -  
duces a  pu l se  which i s  recorded  on t h e  meter  o f  t h e  ins t rument .  
Th in  window GM tubes, commonly c a l l e d  pancake probes, have a  ve r y  t h i n  
window (1.5 mg/cm2) which pe rm i t s  d e t e c t i o n  o f  a  w ide r  spectrum o f  r a d i a t i o n  
energ ies .  Because o f  t h i s  inc reased  c a p a b i l i t y ,  t h i n  window GM tubes a r e  
recommended f o r  beta-gamma personnel  surveys and m a t e r i a l  r e l e a s e  surveys. 
I n  s e l e c t i n g  t h e  c o r r e c t  i n s t r umen t  f o r  pe r f o rm ing  a  r a d i a t i o n  survey,  
t h e  f o l l o w i n g  f a c t o r s  must be cons idered.  
t h e  t ype  and energy o f  t h e  r a d i a t i o n  measured 
whether d e t e c t i o n ,  q u a n t i f i c a t i o n ,  o r  d i f f e r e n t i a l  i s  r e q u i r e d  
t h e  range o f  response requ i r ed .  
The two most common types  o f  r a d i a t i o n  encountered a t  an LLW d isposa l  
s i t e  a re  be ta  and gamma. A r a d i a t i o n  survey w i l l  a lmost  always r e q u i r e  an 
ins t rument  capable o f  measuring beta-gamma r a d i a t i o n .  
6.5.2 Ins t rument  C a l i b r a t i o n  
Inst ruments used f o r  t h e  d e t e c t i o n  and measurement o f  r a d i a t i o n  and con- 
tam ina t i on  l e v e l s  and de te rm ina t i on  o f  a i r  concen t ra t i ons  must be c a l i b r a t e d  
i n  accordance w i t h  w r i t t e n  procedures e s t a b l i s h e d  by c u r r e n t  standards. Each 
ins t rument  should be c a l i b r a t e d  a t  l e a s t  annua l l y  and perhaps more o f t e n  
depending upon use and handl ing.  The documentation o f  t h e  c a l i b r a t i o n  should 
c o n t a i n  such da ta  as energy dependence, angu la r  dependence, geotropism, detec-  
t i o n  1  i m i t s ,  1  i n e a r i  ty, ambient environmental  c o n d i t i o n  d u r i n g  c a l  i b r a t i o n ,  
r e p r o d u c i b i l i t y ,  s e n s i t i v i t y ,  over load  response, and any o t h e r  f a c t o r  which 
may cause ins t rument  read ings  t o  be inaccura te .  From t h i s  i n fo rma t i on ,  
c o r r e c t i o n  f a c t o r s  can be developed t o  min imize measurement e r r o r s .  Upon 
s a t i s f a c t o r y  complet ion o f  t h e  c a l i b r a t i o n ,  a  s t i c k e r  should be a t tached t o  
t h e  ins t rument  s t a t i n g  t h e  i ns t rumen t  number, t h e  c a l i b r a t i o n  e x p i r a t i o n  date,  
and t h e  name o f  t h e  i n d i v i d u a l  per fo rming  t h e  c a l i b r a t i o n .  A l l  r a d i a t i o n  
sources used i n  t h e  c a l i b r a t i o n  must be t r a c e a b l e  t o  t h e  Nat iona l  Bureau o f  
Standards (NBS). 
Preopera t iona l  checks should be performed be fo re  each use t o  v e r i f y  t h a t  
t h e  ins t rument  i s  ope ra t i ng  p rope r l y .  P reopera t iona l  checks should inc lude :  
v e r i f i c a t i o n  o f  c u r r e n t  c a l i b r a t i o n  
examinat ion o f  t h e  phys i ca l  c o n d i t i o n  o f  t h e  ins t rument  
adequacy o f  b a t t e r y  c o n d i t i o n  
i ns t rumen t  response t o  r a d i a t i o n  sources 
p roper  zero  
t ime  response. 
6.5.3 Ins t rument  S e l e c t i o n  f o r  Personnel Mon i t o r i ng  
Exposure r a t e s  cannot be a c c u r a t e l y  assessed un less  t h e  measurement dev ice  
i s  capable o f  and c a l i b r a t e d  t o  measure t h e  rad ionuc l i des  o f  i n t e r e s t .  It i s  
impo r tan t  t o  know t h e  energy response c a p a b i l i t i e s  o f  a  s p e c i f i c  i ns t rumen t  i n  
o rde r  t o  app ly  t h e  proper  c o r r e c t i o n  f a c t o r s  t o  t h e  i n d i c a t e d  meter  readings.  
Al though t h e r e  i s  p r e s e n t l y  no known p o r t a b l e  f i e l d  i ns t rumen t  which responds 
c o r r e c t l y  t o  t h e  e n t i r e  spectrum o f  r a d i a t i o n  energ ies,  i o n i z a t i o n  chamber 
type  ins t ruments  a r e  g e n e r a l l y  acceptable.  T y p i c a l l y ,  p o r t a b l e  i o n i z a t i o n  
chamber ins t ruments  a r e  capable o f  measuring be ta  (nonpenet ra t ing)  r a d i a t i o n  
energ ies  above 70 keV and gamma o r  x- ray  energ ies above 8 keV. Low energy 
c o r r e c t i o n  f a c t o r s  a r e  u s u a l l y  r e q u i r e d  f o r  gamma and x- ray  energ ies  below 
about 30 keV. Many such ins t ruments  measure r a d i a t i o n  i n t e n s i t i e s  f rom 0-5000 
mR/hr, w h i l e  o the rs  a r e  a v a i l a b l e  t h a t  a r e  capable o f  measuring much h ighe r  
f i e l d s  o f  beta,  gamma and x- rays.  
Th in  window (pancake) GM de tec to r s  a r e  recommended as beta-gamma survey 
inst ruments.  Al though these de tec to r s  a r e  more f r a g i l e  than  convent iona l  GM 
de tec to r s ,  Lhey a r e  capable  o f  l owe r  energy d e t e c t i o n  c a p a b i l  i t i e s .  T y p i c a l l y ,  
t h i n  window GM d e t e c t o r s  respond t o  be ta  energ ies  as low as 0.15 MeV (E ) 
a t  an e f f i c i e n c y  o f  approx imate ly  10%; e f f i c i e n c y  inc reases  as a  func t iB f l xo f  
t h e  i n c r e a s i n g  energy o f  t h e  r a d i a t i o n  be ing  measured. A gamma s e n s i t i v i t y  t o  
137Cs o f  approx imate ly  3000-4000 cpm/mR/hr can be expected. I n t e n s i t y  ranges 
a r e  u s u a l l y  0-100,000 cpm. 
S c i n t i l l a t i o n  o r  gas f l o w  p r o p o r t i o n a l  d e t e c t o r s  a r e  s u i t a b l e  a l pha  de tec-  
t o r s  f o r  LLW d i sposa l  s i t e s .  E f f i c i e n c y  and s e n s i t i v i t y  va r y  s u b s t a n t i a l l y ,  
as a  f u n c t i o n  o f  window th i ckness ,  and d e t e c t o r  t o  source s i z e  r a t i o s .  Minimum 
e f f i c i e n c i e s  o f  about 18% f o r  s c i n t i l l a t i o n  d e t e c t o r s  and approx imate ly  35% 
f o r  gas f l o w  p r o p o r t i o n a l  d e t e c t o r s  can be a n t i c i p a t e d  f r om smal l  (about  1 i n .  
d i a )  2 3 9 P ~  sources i n  a  2-n geometry. Maximum i n t e n s i t y  l e v e l s  which can be 
measured depend on t h e  e l e c t r o n i c s  package (coun t  r a t e  me te r )  se l ec ted .  
6.6 INCOMING SHIPMENT SURVEYS 
Each incoming shipment shou ld  r e c e i v e  a  r a d i o l o g i c a l  survey t o  document 
r a d i a t i o n  and con tam ina t i on  l e v e l s  assoc ia ted  w i t h  t h a t  shipment. A v i s u a l  
i n s p e c t i o n  f o r  p h y s i c a l  damage t o  t h e  v e h i c l e  and t h e  waste c o n t a i n e r s  shou ld  
be per formed s imu l t aneous l y  w i t h  t h e  r a d i o l o g i c a l  survey. I f  p h y s i c a l  damage 
i s  noted, a  more e x t e n s i v e  con tamina t ion  survey should  be performed. A  survey 
o f  an incoming t r a n s p o r t  v e h i c l e  i s  shown i n  F i gu re  15. 
R a d i a t i o n  measurements shou ld  be taken  t o  e s t a b l i s h  exposure r a t e s  a t  a  
d i s t a n c e  o f  s i x  f e e t  and a t  t h e  su r f ace  around t h e  pe r ime te r  o f  " c l osed  t r a n s -  
p o r t  veh i c l es . "  A c l osed  t r a n s p o r t  v e h i c l e  i s  d e f i n e d  i n  49 CFR, P a r t  173.389, 
as "a v e h i c l e  equipped w i t h  a  secu re l y  a t t ached  e x t e r i o r  enc losure ,  which dur-  
i n g  normal t r a n s p o r t ,  r e s t r i c t s  t h e  access o f  unau thor i zed  persons t o  t h e  cargo 
space c o n t a i n i n g  t h e  r a d i o a c t i v e  m a t e r i a l s . "  P o s i t i o n s  i n  t h e  cab which a r e  
no rma l l y  occupied shou ld  a l s o  be surveyed t o  e s t a b l i s h  exposure r a t e s  t o  t h e  
occupants. T h i s  survey i s  shown i n  F i g u r e  16. 
Closed t r a n s p o r t  v e h i c l e s  shou ld  a l s o  r e c e i v e  an i n t e r n a l  survey i n c l u d i n g  
bo th  exposure r a t e  and con tamina t ion  measurements. Contaminat ion measurements 
shou ld  be ob ta i ned  by means o f  smear ( o r  swipe) samples and counted remote ly .  
A l l  t r a n s p o r t  v e h i c l e s  shou ld  r e c e i v e  an e x t e r n a l  " spo t  check" f o r  smearable 
con tamina t ion  i n  a d d i t i o n  t o  exposure r a t e  surveys upon a r r i v a l  a t  t h e  s i t e .  
6.7 BURIAL TRENCH SURVEILLANCE 
R a d i a t i o n  m o n i t o r i n g  coverage shou ld  be p rov i ded  when personnel  a r e  p re-  
sen t  a t  t h e  b u r i a l  t renches.  S u r v e i l l a n c e  a c t i v i t i e s  shou ld  be d i r e c t e d  toward 
m o n i t o r i n g  e x i s t i n g  r a d i o l o g i c a l  c o n d i t i o n s  and toward p r o v i d i n g  i n f o r m a t i o n  
f r om which dose r e d u c t i o n  measures can be determined. T h i s  may i n c l u d e  p o i n t -  
i n g  o u t  h i g h  exposure areas and waste c o n t a i n e r s  which may r e q u i r e  s p e c i a l  
FIGURE 15. Rad io l og i ca l  Survey o f  T ranspor t  Veh i c l e  and Shipp ing Cask 
FIGURE 16. Rad io l og i ca l  Survey o f  Truck Cab 
hand l i ng  o r  immediate e a r t h  cover  t o  min imize personnel exposure. F i gu re  17 
shows a r a d i a t i o n  p r o t e c t i o n  t e c h n i c i a n  per fo rming  a survey a l ong  t h e  edge o f  
a  t rench .  
It i s  d i f f i c u l t  t o  e f f e c t i v e l y  d e t e c t  o r  measure l ow- leve l  beta-gamma 
con tamina t ion  i n  areas where background r a d i a t i o n  l e v e l s  exceed a few hundred 
counts  p e r  minute.  Therefore,  when r a d i a t i o n  l e v e l s  i n  t h e  b u r i a l  t renches  do 
n o t  a l l o w  f o r  a  d i r e c t  con tamina t ion  survey, 2n a l t e r n a t e  survey method must 
be used t o  m o n i t o r  l oose  contaminat ion.  For  example, personnel ,  t o o l s ,  and . 
equipment should be c l o s e l y  mon i to red  upon e x i t i n g  t h e  t renches  and/or  t h e  
assoc ia ted  work area. Typ i ca l  l y ,  background 1 eve1 s  a re  such t h a t  these  surveys 
must be conducted a t  a  s i g n i f i c a n t  d i s t ance  f rom t h e  t renches.  A t  some s i t e s  
sh ie l ded  survey hutments a r e  prov ided,  b u t  these s h e l t e r s  do n o t  p e r m i t  surveys 
o f  l a r g e  equipment and veh i c l es .  Thus, i t  i s  o f t e n  necessary f o r  an unsurveyed 
v e h i c l e  t o  t r a v e r s e  an i n te rmed ia te  area w h i l e  be ing  p o t e n t i a l l y  contaminated. 
Th i s  i n t e r m e d i a t e  area should be ma in ta ined  as p a r t  o f  t h e  c o n t r o l l e d  zone 
f rom which a r a d i a t i o n  re l ease  survey i s  r equ i red .  
FIGURE 17. Rad io l og i ca l  Survey a t  Trench Edge 
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6.8 RADIATION RELEASE CRITERIA 
A l l  p r o p e r t y  o r  personnel e x i t i n g  a  c o n t r o l l e d  area, where a  p o t e n t i a l  
f o r  r a d i o a c t i v e  con tamina t ion  e x i s t s ,  must r e c e i v e  a  r a d i a t i o n  re l ease  survey. 
S u i t a b l e  r a d i a t i o n  d e t e c t i o n  ins t ruments  (see Sec t ion  6.5) and survey t e c h n i -  
ques must be used i n  t h e  performance o f  these surveys. Cons idera t ion  should 
be g i ven  t o  whether an i tern i s  be ing  u n c o n d i t i o n a l l y  r e l eased  ( u n c o n t r o l l e d )  
f o r  r a d i a t i o n  p r o t e c t i o n  purposes o r  i f  c e r t a i n  r e s t r i c t i o n s  a r e  t o  be asso- 
c i a t e d  w i t h  t h e  re l ease  ( c o n t r o l  1  ed).  Some p o t e n t i a l l y  contaminated i tems 
such as pipes, ductwork, and vacuum pumps do n o t  p e r m i t  an adequate survey o f  
i n t e r n a l  sur faces.  A r a d i o l o g i c a l  e v a l u a t i o n  should be made o f  such i tems on 
a  case by case bas is ,  cons ide r i ng  such f a c t o r s  as h i s t o r i c a l  i n f o r m a t i o n  and 
p o t e n t i a l  f o r  i n t e r n a l  contaminat ion.  Cover ing o r  c o a t i n g  a  contaminated i t e m  
i n  o r d e r  t o  " sea l "  t h e  con tamina t ion  and/or a t t enua te  t h e  i n t e n s i t y  o f  t he  
emiss ion i s  n o t  a  s u i t a b l e  s u b s t i t u t e  f o r  decontaminat ion. P rope r t y  which i s  
found t o  be contaminated should be c leaned t o  l e s s  than  t h e  re l ease  l i m i t s  o r  
r e t a i n e d  i n  a  r e s t r i c t e d  s ta tus .  
A l l  r e l ease  surveys should be documented and f i l e d  as permanent records.  
Spec ia l  a t t e n t i o n  should be g i ven  t o  ensure f u l l  documentation o f  a l l  f o l l ow- up  
a c t i o n s  i n  event  o f  personnel contaminat ion.  A q u a l i t y  assurance program t o  
v e r i f y  t h e  adequacy o f  r e l ease  survey measurements should a l s o  be considered. 
6.9 RADIATION RELEASE SURVEYS 
Rad ia t i on  re l ease  surveys a t  l ow- leve l  waste s i t e s  i n c l u d e  t h r e e  general  
ca tego r i es .  These are:  
equipment, t o o l s ,  and misce l laneous i tems 
t r a n s p o r t  v e h i c l e s  
personnel.  
Each o f  these ca tego r i es  a r e  d iscussed sepa ra te l y  i n  t h i s  chap te r  and recom- 
mended re l ease  l i m i t  va lues a r e  1  i s t e d .  
Equipment, Tools,  and Misce l laneous I tems 
Rad ia t i on  re l ease  surveys o f  equipment, t o o l s ,  and o t h e r  misce l laneous 
i tems should be performed on each i t e m  be ing  removed f r om a  c o n t r o l l e d  area. 
If t h e  i t e m  i s  t o  be re leased  f o r  u n r e s t r i c t e d  use, i t  i s  necessary t h a t  con- 
tam ina t i on  l e v e l s  be ve ry  low. Recommended maximum contaminat ion l e v e l s  a r e  
l i s t e d  i n  Table 4. 
It may be p r a c t i c a l  t o  a l l o w  an i t e m  w i t h  r a d i a t i o n  l e v e l s  i n  excess o f  
t h e  f i x e d  con tamina t ion  l i m i t s  l i s t e d  above t o  be t e m p o r a r i l y  re leased  f r om 
t h e  c o n t r o l l e d  zone. For  example, s i t e s  u t i l i z i n g  company-owned t r a c t o r s  
( t r u c k s )  t o  p u l l  t r a n s p o r t  t r a i l e r s  between t h e  w a i t i n g  compound and t h e  
b u r i a l  t renches may wish t o  use t r a c t o r s  hav ing low l e v e l s  o f  f i x e d  contamina- 
t i o n .  Under such circumstances, a  " r e s t r i c t e d "  o r  c o n t r o l l e d  re l ease  may be 
TABLE 4. U n r e s t r i c t e d  Release L i m i t s  f o r  Tools and Equipment 
Pe rm iss ib l e  Level  
Maxi mum T o t a l  ( F i x e d  
Contaminant Removabl e  ( a )  P lus Removable) 
Na tu ra l  o r  dep le ted  uranium and n a t u r a l  
t h o r i  urn: 
beta-gamma 
a1 pha 
A l l  o t h e r  beta-gamma e m i t t i n g  rad ionuc l  i des  220 dpm/cm2 Nondetectab le  
A1 1  o t h e r  a1 pha e m i t t i n g  rad ionuc l  i des  22 dpm/cm2 Nondetectable 
( a )  Maximum p e r m i s s i b l e  removable 1  eve1 s  averaged over  300 cm2. 
g ran ted  as l o n g  as t h e  v e h i c l e  o r  i t e m  does n o t  c o n s t i t u t e  a  r a d i o l o g i c a l  
hazard. The f o l l  owing guide1 i nes  should be f o l l o w e d  f o r  r e s t r i c t e d  re leases :  
removable con tamina t ion  should n o t  exceed u n r e s t r i c t e d  l i m i t s  
t h e  r a d i a t i o n  p r o t e c t i o n  group should ensure t h a t  t h e  r e s t r i c t e d  re l ease  
i t e m  does n o t  p resen t  a  r a d i o l o g i c a l  hazard 
t h e  r e s t r i c t e d  re l ease  i t e m  should n o t  go o u t s i d e  o f  t h e  p l a n t  boundary. 
6.9.2 Transpor t  Veh i c l e  Release Surveys 
Transpor t  v e h i c l e  r e l ease  surveys must be keyed t o  t h e  Department o f  
T ranspo r ta t i on  c l a s s i f i c a t i o n  (49 CFR) o f  t h e  s p e c i f i c  v e h i c l e .  Exc lus ive- use 
veh i c l es  and u n r e s t r i c t e d  v e h i c l e s  a r e  r e g u l a t e d  by d i f f e r e n t  r e l ease  l i m i t s .  
Some s i t e s  a re  r e g u l a t e d  by l i m i t s  t h a t  have been e s t a b l i s h e d  by s t a t e  agen- 
c ies .  These l i m i t s  may c o i n c i d e  w i t h  f e d e r a l  r e g u l a t o r y  l i m i t s ,  o r  t h e y  may 
be more r e s t r i c t i v e .  However, s t a t e -  o r  s i t e - s p e c i f i c  r a d i a t i o n  re l ease  l i m i t s  
may n o t  be l e s s  r e s t r i c t i v e  than  t h e  f e d e r a l  l i m i t s .  The con tamina t ion  l i m i t s  
l i s t e d  i n  Table 5 should n o t  be exceeded on t r a n s p o r t  v e h i c l e s  be ing  re l eased  
f o r  u n r e s t r i c t e d  use. 
The con tamina t ion  l i m i t s  l i s t e d  i n  Table 6 should n o t  be exceeded on 
exc lus ive- use  t r a n s p o r t  v e h i c l e s .  
TABLE 5. Unrestricted Release Limits fo r  Transport Vehicles 
Maxinium,pqrmi ssibl e Level 
Contaminant Rem~vable'~'  Fixed 




2200 dpm/cm2 0.5 mR/hr ( b )  
220 dpm/cm2 Nondetectable 
All other beta-gamma emitting 220 dpm/cm2 0.1 mR/hr ( b )  
radi onucl ides 
All other alpha emitting radionucl ides 22 dpm/cm2 Nondetectable 
( a )  Maximum permissible 1 eve1 s averaged over 300 cm2. 
( b )  A t  any accessible surface. 
T A B L E  6. Contaniination Release Linii t s  for  Excl usive-Use Transport 
Vehicles Being Returned to  Service 
Contaminant 
Ma~imum~~qrmissible Level 
Rem~vable'~'  Fixed 




All other beta-gamma emitting radionuclides 220 dpm/crn2 0.5 mR/hr ( b )  
All other alpha emitting radionuclides 22 dpm/cm2 Nondetectabl e 
( a )  Maximum permissible levels averaged over 300 cm2. 
(b) A t  any accessible surface. 
6.9.3 Personnel Release Surveys 
All personnel exiting a controlled zone should receive a radiation survey. 
Portal monitors and/or f r isking s tat ions should be provided to  ensure an ade- 
quate survey capabili ty.  Hand and shoe counters used in conjunction with 
f r i skers  provide an excellent personnel survey f a c i l i t y .  Care should be taken 
to  not rely to t a l ly  on portal monitors or hand and shoe counters for  releasing 
personnel. While these uni ts ,  when operating properly, provide an effect ive,  
f a s t  survey, some less  sensit ive units are limited by geometrical considera- 
tions and frisking should be done as a supplemental survey. 
Personnel surveys can be performed by each i n d i v i d u a l ;  however, i f  con- 
t a m i n a t i o n  i s  i n d i c a t e d  by t h e  survey, r a d i a t i o n  s a f e t y  personnel  shou ld  be 
n o t i f i e d  immed ia te ly  t o  determine what fo l l owup a c t i o n  i s  necessary.  Release 
l i m i t s  f o r  personnel  shou ld  n o t  exceed t h e  l e v e l s  l i s t e d  i n  Table  7. 
TABLE 7. Personnel Release L i m i t s  
Maximum Pe rm iss i b l e  Leve ls  
Contaminant Removabl e  F i xed  
A1 pha Nondetectabl  e  Nondetectabl  e  ( a )  
Beta-gamma Nondetectabl  e  Nondetectabl  e  ( a & )  
( a )  I f  con tamina t ion  i s  s t i l l  p resen t  a f t e r  repeated 
decontaminat ion a t tempts ,  medica l  ass i s t ance  may 
be requ i r ed .  
( b )  "Nondetectab le"  can be cons idered  as l e v e l s  n o t  
exceeding approx imate ly  100 counts  p e r  m inu te  
above n a t u r a l  background (beta-gamma) as measured 
w i t h  a  t h i n  window pancake t y p e  GM coun te r .  
6.9.4 I ns t r umen t  S e l e c t i o n  f o r  Release Survevs 
Rad ia t i on  r e l e a s e  surveys must be performed w i t h  a p p r o p r i a t e  i ns t r umen ts  
o f  ,known e f f i c i e n c y .  Gas p r o p o r t i o n a l  and s c i n t i l l a t i o n  d e t e c t o r s  a r e  s u i t a b l e  
f o r  a lpha  m o n i t o r i n g .  Th in  window pancake t y p e  GM d e t e c t o r s  a r e  recommended 
f o r  beta-gamma surveys (see Sec t i on  6.5.1). 
Energy response c h a r a c t e r i s t i c s  f o r  each i ns t r umen t  shou ld  be known and 
response t ime  shou ld  be s u f f i c i e n t l y  f a s t  t o  ensure t h e  d e t e c t i o n  o f  con- 
tan i inants  on a  nonun i f o rm l y  contaminated i tem.  The coun t i ng  e f f i c i e n c y  shou ld  
be s u f f i c i e n t l y  h i g h  t o  p r o v i d e  f o r  a  reasonably  accura te  measurement o f  t h e  
r a d i o n u c l i d e s  p resen t .  American Na t i ona l  Standards I n s t i t u t e  Document N13.12, 
1978 " D r a f t  American Na t i ona l  Standard Cont ro l  o f  Rad ioac t i ve  Sur face  
Contaminat ion on M a t e r i a l s ,  Equipment, and F a c i l i t i e s  t o  be Released f o r  
U n c o n t r o l l e d  Use," suggests an accuracy o f  250% a t  t h e  90% con f idence  l e v e l  i n  
a  coun t i ng  t ime  o f  l e s s  t han  f i v e  minutes.  
The requ i rements  o f  ANSI N13.4-1971, "American Na t i ona l  Standard S p e c i f i -  
c a t i o n  o f  P o r t a b l e  X-  o r  Gamma R a d i a t i o n  Survey Ins t ruments"  shou ld  be met and 
i ns t r umen t  t e s t s  and c a l i b r a t i o n s  shou ld  f o l l o w  t h e  g u i d e l i n e s  o f  ANSI 
N323-1977, "American Na t i ona l  Standard f o r  R a d i a t i o n  P r o t e c t i o n  Ins t rumenta-  
t i o n  Tes t  and C a l i b r a t i o n . "  
I f  p o r t a b l e  i ns t r umen ts  do n o t  e x h i b i t  s u f f i c i e n t  d e t e c t i o n  e f f i c i e n c y ,  
l a b o r a t o r y  a n a l y s i s  o f  smear samples shou ld  be performed b e f o r e  i t ems  a r e  
r e l eased  f o r  u n c o n t r o l l e d  use. 
6.10 MONITORING DECONTAMINATION OPERATIONS 
The e x t e n t  o f  con tamina t ion  on an i t e m  d i c t a t e s  t h e  degree o f  r a d i a t i o n  
mon i t o r i ng  which i s  needed f o r  t h e  decontaminat ion e f f o r t .  Rad ia t i on  s a f e t y  
( r a d i a t i o n  c o n t r o l  ) personnel who d e t e c t  contaminated i tems should d i r e c t  o r  
adv ise  t h e  decontaminat ion process and u l t i m a t e l y  r e l ease  o r  deny re l ease  o f  
t h e  i t e m  based upon survey r e s u l t s .  P r o t e c t i v e  c l o t h i n g  and r e s p i r a t o r y  
requi rements f o r  t h e  j o b  should be p resc r i bed  i n  t h e  r a d i a t i o n  work procedure; 
however, r a d i a t i o n  p r o t e c t i o n  personnel should have t h e  a u t h o r i t y  t o  a l t e r  t h e  
requi rements as c o n d i t i o n s  warrant .  A  survey o f  t h e  work area and o f  personnel 
i n v o l v e d  i n  t h e  decontaminat ion t a s k  should be performed upon complet ion o f  
t h e  j o b  t o  document e x i s t i n g  r a d i o l o g i c a l  c o n d i t i o n s  and t o  ensure t h e  s a f e t y  
o f  t h e  personnel invo lved .  
6.11 AIR SAMPLING/MONITORING 
I n  zones where a  p o t e n t i a l  hazard e x i s t s  f rom b r e a t h i n g  a i r b o r n e  r a d i o -  
a c t i v e  m a t e r i a l s ,  t h e  concen t ra t i on  o f  r a d i o n u c l i d e s  i n  a i r  must be determined 
and compared t o  a p p l i c a b l e  r e g u l a t i o n s .  10 CFR, P a r t  20, Appendix B, Table 1 
l i s t s  maximum pe rm iss ib l e  a i r  concen t ra t i on  l i m i t s  f o r  r a d i a t i o n  workers.  
These l i m i t s  va ry  f o r  d i f f e r e n t  r ad ionuc l i des .  Thus, i t  i s  necessary t o  iden-  
t i f y  t h e  rad ionuc l i des  which a re  p resen t  by per fo rming  an ana l ys i s .  
The p r imary  o b j e c t i v e  o f  an a i r  sampl ing/moni tor ing program a t  LLW d i s -  
posal  s i t e s  i s  t o  min imize personnel exposure t o  a i r b o r n e  r a d i o a c t i v e  mate- 
r i a l s .  When a i r b o r n e  r a d i o n u c l i d e s  a r e  present ,  r e s p i r a t o r y  p r o t e c t i o n  may be 
r e q u i r e d  t o  reduce worker exposure. By a c c u r a t e l y  assess ing e x i s t i n g  condi-  
t i o n s ,  t h e  p roper  r e s p i r a t o r y  p r o t e c t i o n  may be se lec ted  t o  adequate ly  p r o t e c t  
t h e  workers.  
The open a i r  environment, which i s  p r e v e l a n t  f o r  major  b u r i a l  opera t ions ,  
o f f e r  advantages i n  t h a t  r a p i d  d i s p e r s i o n  o f  a i r b o r n e  p a r t i c u l a t e s  i s  l i k e l y .  
I n  case o f  a  r up tu red  con ta ine r ,  a l l  s i t e s  should have t h e  c a p a b i l i t y  t o  
q u i c k l y  reduce t h e  hazard by cove r i ng  t h e  c o n t a i n e r  w i t h  f i l l - d i r t .  
E f f e c t i v e  a i r  sampl ing can be r e a l i z e d  by f o l l o w i n g  c e r t a i n  p r i n c i p l e s .  
The sample should be r e p r e s e n t a t i v e  o f  worker b r e a t h i n g  zone a i r .  Al though 
poss ib le ,  i t  may n o t  be p r a c t i c a l  t o  sample a i r  a t  t h e  most i d e a l  sampl ing 
p o i n t  ( i  .e., near  t h e  workers n o s t r i l s  o r  mouth). Acceptable a1 t e r n a t e  sam- 
p l i n g  l o c a t i o n s  should be chosen. F ixed  p o s i t i o n  sampl ing equipment i s  s u i t -  
a b l e  a t  most s i t e s ,  b u t  i t  i s  necessary t o  r e l o c a t e  t h e  sampl ing equipment as 
t h e  b u r i a l  ope ra t i on  moves i n  t h e  t rench .  A commonly used f i x e d  p o s i t i o n  a i r  
sampling system i s  shown i n  F igu re  18. 
FIGURE 18. F i xed  P o s i t i o n  A i r  Sampling S t a t i o n  
It i s  recommended t h a t  a i r  samplers be p o s i t i o n e d  i n  t h e  t r ench  and on 
t h e  t r e n c h  l i p .  Samples should be as r e p r e s e n t a t i v e  o f  t h e  b r e a t h i n g  zones o f  
workers as p r a c t i c a l  w i t h o u t  i n t e r f e r i n g  w i t h  t h e  worker  o r  t h e  task  be ing  
performed. Cons idera t ion  should be g i ven  t o  i n s t a l l i n g  AC t o  DC conve r to r s  on 
t h e  f o r k  l i f t s  t h a t  a r e  used i n  t h e  t r e n c h  f o r  d i sposa l  opera t ions  t o  power 
a i r  samplers. Sample c o l l e c t i o n  media should be p o s i t i o n e d  i n  f r e e - a i r  ( i  .e., 
away from a i r - f l o w  a l t e r i n g  o b s t r u c t i o n s )  a t  a  h e i g h t  o f  5 t o  6 f e e t  above 
work area ground sur faces.  Sampled a i r  should n o t  be c a r r i e d  t o  t h e  c o l l e c -  
t i o n  media through d e l i v e r y  l i n e s  which may remove p a r t i c u l a t e s  f rom t h e  a i r ;  
b u t  r a t h e r ,  t h e  sample media should be open t o  t h e  ambient atmosphere. I f  
t h i s  i s  n o t  f e a s i b l e  then  t h e  sampl ing l i n e s  should be as s h o r t  and as s t r a i g h t  
as p o s s i b l e  t o  avo id  p l a t i n g  o u t  a long  t h e  w a l l s  o f  t h e  sample l i n e .  The sam- 
p l i n g  head should be s u f f i c i e n t l y  removed f rom t h e  l a s t  bend, opening, o r  
o b s t r u c t i o n  t o  avo id  t h e  e f f e c t s  o f  excess ive t u rbu lance  i n  t h e  a i r  f l o w  
p a t t e r n .  
The cho ice  o f  a  f i l t e r  media i s  v e r y  impo r tan t  t o  t h e  e f f e c t i v e n e s s  o f  an 
a i r  sampl ing program. A wide cho ice  o f  f i l t e r s  a r e  a v a i l a b l e  and t h e r e  i s  one 
s u i t a b l e  f o r  a lmost  any purpose. Commonly used types i n c l u d e  c e l l u l o s e  and 
membrane. Among t h e  c h a r a c t e r i s t i c s  t h a t  i n f l u e n c e  a  cho i ce  o f  a  f i l t e r  a r e  
i t s  c o l l  e c t i o n  e f f i c i e n c y ,  f l o w  res i s tance ,  and mechanical s t r eng th .  Col l e c -  
t i o n  e f f i c i e n c y  cannot be t i e d  t o  a  s i n g l e  v a r i a b l e  b u t  i s  a  f u n c t i o n  of pa r -  
t i c l e  s i z e  and dens i t y ,  f l o w  v e l o c i t y ,  f i l t e r  pore  s i z e ,  f i b e r  d iamter ,  f i l t e r  
loading, and the e lec t ros ta t ic  charge and chemical character is t ics  of the a i r -  
borne material being sampled. The collection efficiency should be determined 
on a case-by-case basis for  different  sampling s i tuat ions.  Air f i l t e r s  used 
for  particulate sampling should provide greater than 99% collection efficiency 
for  0.3 micron particulates.  When alpha counting i s  required the selfabsorp- 
tion of the f i l t e r  must be taken into account. Membrane f i l t e r s  offer  advan- 
tages here; however, they are somewhat b r i t t l e  and must be well supported 
during collection and carefully handled. Moreover, they exhibit a rather high 
pressure drop (flow resistance) to  accompany the i r  good collection efficiency 
and 1 ow se l f abso r~ t ion  character is t ics .  
Air sampling should be conducted during burial operations, decontamina- 
tion operations, and waste inspections. Changes in a i r  sample character is t ics  
should be anticipated w 4 t h  changes in operations. Air-flow rates  through the 
sampling system should approximate the breathing ra te  of a "standard man" 
while working ( i . e . ,  approximately 20-30 l i t e r s  per minute, ICRP 23, 1970). 
Flow measuring devices, such as "rotometers ," and a variable-orifice are  
sui table  t o  determine the a i r  flow rate .  These meters should be instal led on 
the downstream side of the collector.  A control valve that  i s  installed in 
the l ine  between the a i r  pump and the collection media i s  suitable t o  control 
the flow rate .  If the sampling system does n o t  offer  automatic flow rate  
adjustments as materials buildup on the f i l t e r ,  periodic hand adjustments may 
be necessary. 
The minimum amount of a i r  which must be sampled in order to  provide valid 
resul ts  i s  dependent upon the sens i t iv i ty  and accuracy of the analytical or 
counting system to  be used. 
Information relevant to  each sa,mple should be documented. Information 
should include flow ra tes ,  sample duration, total  vol ume sampled, the opera- 
tion being monitored, and counting or analysis resul ts .  After a data base i s  
established, the effectiveness of the program can be keyed t o  biosurveillance 
data. 
There are two types of sample collection involved in an a i r  sampling pro- 
gram: 1)  grab samples, and 2 )  integrated samples. A grab sample i s  defined 
as a single saniple taken a t  a point in time and space. Many such samples would 
need to  be taken to  adequately describe conditions in a large area. An inte-  
grated sample provides fo r  an average of the a i r  concentration over the collec- 
tion time and does not allow fo r  identification of specif ic  events. Samples 
of e i ther  type may be taken fo r  b o t h  gases and particulates.  
Choosing a sampler involves choosing a method of analysis as well. A 
less  sensit ive method of analysis requires a larger or more concentrated sam- 
ple,  such as a larger volume fo r  a grab saniple or a higher sample collection 
flow rate  for  an integrated sample. The choice of sampler also depends upon 
the type of inforniation desired. If immediate readout i s  needed, collection 
and analysis are done a t  the same time such as with a continuous a i r  monitor. 
If not, analysis i s  often conducted a t  a laboratory f a c i l i t y  such as with the 
collection media from fixed or lapel samplers. 
The most commonly used types  o f  a i r  samplers a re :  
f i l t e r  c o l l e c t i o n  media samplers 
grab samplers 
con t inuous  a i r  samplers. 
F i l t e r  c o l l e c t i o n  media samplers opera te  by drawing a sample a t  a  known 
f l o w  r a t e  th rough  a f i l t e r  f o r  a  known l e n g t h  o f  t ime,  t hus  y i e l d i n g  an i n t e -  
g r a t e d  sample. These samplers can e i t h e r  be f i x e d  l o c a t i o n  samplers o r  l a p e l  
samplers. F i xed  samplers may indeed be p o r t a b l e  b u t  remain i n  a  f i x e d  l o c a-  
t i o n  d u r i n g  t h e  sampl ing p e r i o d .  They emplyy pumps which draw a i r  th rough  t h e  
f i l t e r  media a t  f l o w  r a t e s  up t o  about  60 m /hour.  F i l t e r  s i z e s  can range 
f r om about  1 i n c h  i n  d iamete r  up t o  7-8 inches i n  d iamete r  and may be c i r c u l a r  
o r  r e c t a n g u l a r  i n  shape. Power f o r  t h e  pumps i s  s u p p l i e d  by 110 v o l t s  A.C. o r  
g rea te r ,  o r  t h e y  may be g a s o l i n e  powered. I n  c o n t r a s t ,  l a p e l  samplers opera te  
on rechargeab le  b a t t e r i e s  and sample t h e  b r e a t h i n g  zone o f  an i n d i v i d u a l  who 
i s  moving about.  A f i l t e r  h o l d e r  1-2 inches i n  d iamete r  i s  p o s i t i o n e d  near  
t h e  b r e a t h i n g  zone and i s  connected by  t u b i n g  $0 a smal l  p o r t a b l e  pump. Flow 
r a t e s  f o r  l a p e l  samplers range up t o  about  1 m /hour.  The f i l t e r s  f r om  f i x e d  
o r  l a p e l  samplers a r e  then  sen t  t o  a  l a b o r a t o r y  f o r  chemical  o r  r a d i o a n a l y s i s .  
Grab samples a r e  ob ta i ned  by r e p l a c i n g  t h e  gaseous con ten t s  o f  a  chamber 
w i t h  an a i r  sample. Th i s  can be accompl ished by one o f  two methods. The 
f i r s t  i s  ach ieved by  evacua t ing  t h e  chamber u s i n g  a vaccum pump and a l l o w i n g  
i t  t o  r e f i l l  i n  t h e  work area o f  i n t e r e s t .  The second i s  t o  draw a sample 
th rough  t h e  chamber ( u s i n g  a pump) a t  t h e  area o f  i n t e r e s t  u n t i l  a  represen-  
t a t i v e  sample i s  ob ta i ned  w i t h i n  t h e  chamber. Both methods r e q u i r e  t h a t  t h e  
t h a t  t h e  sample chamber have t h e  c a p a b i l i t y  o f  be i ng  i s o l a t e d  a f t e r  t h e  sample 
has been c o l l e c t e d .  The chamber con ten t s  can then  be analyzed by a  l a b o r a t o r y  
us i ng  a r a d i o a n a l y s i s  method. 
Cont inuous a i r  samplers a r e  used t o  m o n i t o r  t h e  a i r b o r n e  r a d i o a c t i v i t y  
l e v e l s  i n  t h e  area as a  f u n c t i o n  o f  t ime .  They may a l s o  be f i t t e d  w i t h  an 
a la rm f u n c t i o n  ( s e t  t o  a l a rm  a t  a  p r e s e t  v a l u e )  and may be capable  o f  g rab  
sample o r  f i l t e r  sample c o l l e c t i o n .  One system des ign p o s s i b i l i t y  would  be t o  
u t i l i z e  a  f l ow- th rough  i o n i z a t i o n  chamber t o  m o n i t o r  r a d i o a c t i v e  gases, w h i l e  
an end-window G-M tube  mon i t o r s  p a r t i c u l a t e s  which c o l l e c t e d  up on a f i l t e r .  
Other  t ypes  o f  a i r  samplers i n c l u d e :  (1) adsorbers ,  ( 2 )  impingers ,  and 
( 3 )  condensat ion dev ices .  
I n  o r d e r  t o  a c c u r a t e l y  assess t h e  a i r  c o n c e n t r a t i o n  o f  r a d i o a c t i v e  mate- 
r i a l s  i n  a  g i ven  l o c a t i o n ,  t h e  volume of a i r  sampled as w e l l  as t h e  q u a n t i t y  
o f  contaminant i n  t h e  a i r  sample must be determined. Accurate  d e t e r m i n a t i o n  
o f  t h e  volume o f  a i r  sampled r e q u i r e s  s tandard,  r ep roduc ib l e ,  and f r e q u e n t  
c a l i b r a t i o n  o f  t h e  f l o w  r a t e  meters which a re  used w i t h  t h e  a i r  samplers. A 
c a l i b r a t i o n  o f  a i r  f l o w  r a t e  and/or volume meters  shou ld  be per formed a t  l e a s t  
once every  s i x  months. I n  a d d i t i o n ,  c a l i b r a t i o n s  shou ld  be per formed a t  any 
t ime  t h e r e  i s  reason t o  b e l i e v e  t h a t  t h e  o p e r a t i n g  c h a r a c t e r i s t i c s  o f  t h e  
meter have changed, by r e p a i r  o r  a l t e r a t i o n ,  o r  whenever system performance i s  
observed t o  have changed s i g n i f i c a n t l y .  The c a l i b r a t i o n s  shou ld  be performed 
us ing  a  p r ima ry  o r  secondary c a l i b r a t i o n  s tandard t h a t  i s  t r a c e a b l e  t o  t h e  
Nat iona l  Bureau o f  Standards. A i r  sampler f l o w  r a t e  o r  volume meter  dev ices 
a re  cons idered t o  have been c a l i b r a t e d  success fu l l y ,  i f  t h e  e r r o r  between t h e  
p r imary  s tandard va lue  and t h e  a c t u a l  meter  va lue  i s  l e s s  than  20%. D e t a i l e d  
i n f o r m a t i o n  r e l e v a n t  t o  each c a l i b r a t i o n  should be documented ( i .e . ,  t h e  p r i -  
mary o r  secondary s tandard used, c a l i b r a t i o n  method employed, and accuracy o f  
t h e  c a l i b r a t e d  meters i n c l u d i n g  c a l i b r a t i o n  curves o r  c o r r e c t i o n  f a c t o r s ) .  I n  
a d d i t i o n  t o  c a l i b r a t i o n ,  r o u t i n e  i ns t rumen t  maintenance should be performed as 
recommended by t h e  manufacturer .  
6.12 RECOMMENDATIONS 
Th i s  chap te r  has o u t l i n e d  recommended p r a c t i c e s  f o r  r a d i o l o g i c a l  s u r v e i l -  
lance  a t  LLW d i sposa l  s i t e s .  The major  recommendations made f o r  program 
adequacy were: 
Use o f  i o n i z a t i o n  chamber t ype  survey ins t ruments  t o  e s t a b l i s h  dose r a t e s  
f o r  personnel mon i t o r i ng .  
Use o f  r a d i a t i o n  re l ease  c r i t e r i a  f r om Tables 4, 5, 6, and 7. 
Use o f  e i t h e r  gas p r o p o r t i o n a l  o r  s c i n t i l l a t i o n  d e t e c t o r  i n s t r u m e n t a t i o n  
f o r  a1 pha mon i to r ing .  
P o s i t i o n i n g  o f  an a i r  sampler on f o r k  l i f t ( s )  be ing  used t o  un load waste 
con ta ine rs  f rom c losed  t r a n s p o r t  veh i c l es .  
7.0 CONTAMINATION CONTROL AND DECONTAMINATION 
An LLW d isposa l  s i t e  ope ra to r  should e s t a b l i s h  and m a i n t a i n  a  program t o  
min imize t h e  occurrence and spread o f  r a d i o a c t i v e  contaminat ion.  The p roper  
use o f  r a d i o l o g i c a l  c o n t r o l s  and decontaminat ion f a c i l i t i e s  lessens t h e  prob-  
a b i l i t y  t h a t  con tamina t ion  w i l l  be spread t o  areas and persons o u t s i d e  t h e  
c o n t r o l l e d  area. 
Th is  s e c t i o n  covers f o u r  ma jo r  f a c t o r s  i n  con tamina t ion  c o n t r o l  and decon- 
tamina t ion .  They a r e  con tamina t ion  c o n t r o l  ( p r e v e n t a t i v e  measures), equipment 
decontaminat ion, personnel decontani inat ion, and decontaminat ion procedures. 
7.1 CONTAMINATION CONTROL 
Several  methods a re  a v a i l a b l e  t o  p reven t  o r  m in im ize  t h e  spread o f  con- 
tamina t ion .  Three o f  t h e  most e f f e c t i v e  a r e  cons idered here. 
P r o t e c t i v e  C lo th i ng  
The use o f  va r i ous  a r t i c l e s  o f  c l o t h i n g ,  bo th  d isposab le  and nondispos- 
ab le ,  can min imize t h e  p o s s i b i l i t y  o f  contaminants c o n t a c t i n g  t h e  s k i n  o f  a  
worker.  Covera l l s ,  g loves,  boots ,  and head covers a r e  examples o f  p r o t e c t i v e  
c l o t h i n g  which a re  c u r r e n t l y  a v a i l a b l e .  I n  jobs  where t h e  p o s s i b i l i t y  o f  con- 
tam ina t i on  i s  h igh ,  these i tems should be imperv ious t o  l i q u i d  contaminants.  
Gloves and shoe covers should be s u f f i c i e n t l y  s t u r d y  t o  remain i n t a c t  d u r i n g  
work tasks.  
C l o t h i n g  must be a v a i l a b l e  i n  s u f f i c i e n t  q u a n t i t i e s  f o r  bo th  normal and 
abnormal work s i t u a t i o n s .  Usua l l y ,  a  30 day supply  i s  s u f f i c i e n t .  P r o t e c t i v e  
c l o t h i n g  should be s t o r e d  i n  an e a s i l y  access ib l e  l o c a t i o n .  
Resp i ra to r y  p r o t e c t i o n ,  which i s  norma l l y  i nc l uded  under t h e  t o p i c  o f  
p r o t e c t i v e  c l o t h i n g ,  i s  d iscussed i n  Chapter 5.0. 
7.1.2 Contaminat ion S u r v e i l l a n c e  
The purpose o f  con tamina t ion  s u r v e i l l a n c e  i s  t o  l o c a t e  and i s o l a t e  con- 
tam ina t i on  be fo re  i t  can spread t o  u n c o n t r o l l e d  areas o r  cause unnecessary 
r a d i a t i o n  exposures. The p r imary  methods o f  s u r v e i l l a n c e  a r e  wipe t e s t i n g  f o r  
area con tamina t ion  and f r i s k i n g  f o r  personnel contaminat ion.  
WiDe Tes t i na  
Th i s  survey method e s t a b l i s h e s  t h e  amount o f  removable r a d i o a c t i v i t y  on 
t he  sur faces  sampled. Usua l l y ,  a  s tandard- s ized pad i s  used t o  r u b  a  
s tandard- s ized area (100 cm2) to ,  determine t h e  1 eve1 o f  removable contamina- 
t i o n  p e r  u n i t  area o f  su r face .  Areas t h a t  should be cons idered  f o r  p e r i o d i c  
survey a r e  those which a r e  i n  p r o x i m i t y  t o  p o t e n t i a l  sources such as work- 
places,  changerooms, and o t h e r  occupied areas w i t h i n  t h e  c o n t r o l l e d  area. 
Personnel Contaminat ion Mon i t o r i na  
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Personnel f r i s k i n g  s t a t i o n s  should be a v a i l a b l e  near  work l o c a t i o n s  so 
workers may p e r i o d i c a l l y  survey themselves. However, t h e  s t a t i o n  shou ld  be 
f a r  enough away f r om r a d i a t i o n  sources t o  ensure t h a t  a low r a d i a t i o n  back- 
ground environment e x i s t s  f o r  t h e  con tamina t ion  survey ( f r i s k ) .  I f  t h i s  i s  
n o t  p r a c t i c a l  then  s h i e l d i n g  may be used t o  h e l p  min imize t h e  background 
l e v e l s .  It i s  recommended t h a t  t h e  background l e v e l s  be l e s s  than  100 counts  
p e r  m inu te  when u s i n g  a Geiger-Muel l e r  (GM) survey i ns t rumen t  equipped w i t h  a 
t h i n  window pancake d e t e c t o r  probe. F igu re  19 shows an example o f  a worker  
per fo rming  a " f r i s k "  w i t h  a pancake-detector probe i n s i d e  a f r i s k i n g  booth.  
Contaminat ion surveys should be performed w i t h  t h e  d e t e c t o r  window f a c i n g  
towards t h e  area t o  be surveyed and w i t h i n  c l o s e  p r o x i m i t y  t o  t h a t  area 
FIGURE 19. Personnel F r i s k i n g  S t a t i o n  
(114-112 i nch ) .  It i s  recommended t h a t  t h e  survey scanning speed be l e s s  than  
4-5 inches p e r  second t o  ensure t h a t  t h e  survey i ns t rumen t  has an adequate 
t ime  t o  respond t o  any r a d i a t i o n  f i e l d s  t h a t  a re  p resen t  i n  t h e  pa th  o f  t h e  
survey. I n  a d d i t i o n ,  a  f r i s k e r  s t a t i o n  should be a v a i l a b l e  i n  t h e  employee 
changeroom area and a  p o r t a l  mon i t o r  should be l o c a t e d  a t  t h e  c o n t r o l l e d  area 
e x i t  p o i n t .  The p o r t a l  mon i t o r  should have a  ve ry  low l i m i t  o f  d e t e c t a b i l i t y  
and should be p o s i t i o n e d  so no employee can e x i t  w i t h o u t  be ing  moni tored.  
Mon i to rs  a t  t h e  personnel f r i s k i n g  s t a t i o n s  should be capable o f  p r o v i d i n g  a  
thorough survey i n  a  minimal amount o f  t ime  so employee impat ience w i t h  t h e  
t a s k  does n o t  cause a  l essen ing  i n  survey e f f e c t i v e n e s s .  A l l  i n s t r umen ta t i on  
used f o r  personnel con tamina t ion  surveys should be equipped w i t h  thin-window 
de tec to r s  t o  ensure t h a t  they  a r e  s e n s i t i v e  enough t o  d e t e c t  be ta  p a r t i c l e s  
and low-energy gamma rays.  
7.1.3 S i t e  and F a c i l i t y  Design 
Cont ro l  and i s o l a t i o n  o f  con tamina t ion  should be cons idered i n  t h e  des ign 
and c o n s t r u c t i o n  o f  an LLW d isposa l  s i t e  and suppo r t i ng  f a c i l i t i e s .  A w e l l  
p lanned and cons t ruc ted  s i t e  can a i d  i n  con tamina t ion  c o n t r o l  by m in im iz i ng  
human and equipment c o n t a c t  w i t h  t h e  waste once i t  i s  o n s i t e .  
B u i l d i n g s  should be arranged t o  p e r m i t  e f f i c i e n t  waste d isposa l  opera t ions .  
For  example, t h e  t r u c k  check- in  s t a t i o n  should be near  t h e  t r u c k  pa rk i ng  l o t  
and t h e  s i t e  access gate.  The s i t e  des ign should p rov ide  f o r  one personnel 
access p o i n t  and one waste e n t r y  p o i n t .  L i m i t i n g  t h e  e n t r y  l o c a t i o n s  reduces 
t h e  area which must be mon i to red  f o r  m a t e r i a l  and con tamina t ion  c o n t r o l  o f  t h e  
s i t e .  Th i s  min imizes t h e  p r o b a b i l i t y  o f  m a t e r i a l s  o r  con tamina t ion  l e a v i n g  
t h e  s i t e .  
I n d i v i d u a l  f a c i l i t i e s  should be designed t o  m in im ize  t h e  spread o f  con- 
tamina t ion .  The s i t e  access b u i l d i n g ,  as shown i n  F igu re  5, i s  designed t o  
c o n t r o l  and i s o l a t e  contaminated persons and equipment l e a v i n g  t h e  s i t e  by use 
o f  b a r r i e r s  and.alarmed mon i t o r  po in t s .  
7.2 EQUIPMENT DECONTAMINATION 
Cont ro l  o f  con tamina t ion  on t o o l s  and equipment i s  d iscussed i n  t h i s  
sec t ion .  
F a c i l i t y  Requirements 
Cont ro l  o f  con tamina t ion  on t o o l s  and equipment a i d s  i n  t h e  c o n t r o l  o f  
personnel con tamina t ion  and personnel exposures. Each s i t e  should ma in ta i n  a  
b u i l d i n g  o r  separate f a c i l i t y  ded ica ted  t o  equipment decontaminat ion. The 
f a c i l i t y  should be l a r g e  enough t o  accommodate a1 1  s i z e s  o f  p o t e n t i a l l y  con- 
taminated i tems,  f rom hand t o o l s  t o  heavy equipment. 
P rov i s i ons  f o r  t h e  r e q u i r e d  personnel p r o t e c t i o n  should be i n  p l ace  and 
operable.  Wal ls,  f l o o r s ,  and f u r n i s h i n g s  i n  t h e  decontaminat ion area 
should be cons t ruc ted  o r  p r o t e c t e d  t o  f a c i l i t a t e  removal o f  contaminants 
generated i n  decontaminat ion opera t ions .  
Several  methods a r e  c u r r e n t l y  a v a i l a b l e  f o r  equipment decontaminat ion.  
Examples o f  d e s t r u c t i v e  and nondes t ruc t i ve  methods a re  g i ven  below. These 
methods have proven e f f e c t i v e  i n  reduc ing  contaminat ion l e v e l s  on b o t h  l a r g e  
and smal l  i tems:  
scrubbing w i t h  a s o l v e n t  and wate r  
h i g h  p ressure  wate r  and steam spray 
hydro1 as i ng 
ab ras i ve  b l a s i n g  (wet and d r y )  
g r i n d i n g  and d e s t r u c t i v e  removal 
v i b r a t o r y  f i n i s h i n g  
u l t r a s o n i c  c lean ing .  
There a r e  d i s t i n c t  d i f f e r e n c e s  i n  t h e  e f f e c t i v e n e s s  and c o s t  o f  these 
methods. Each s i t e  should s tudy  t h e  a v a i l a b l e  methods o r  combinat ion o f  
methods t o  determine those b e s t  s u i t e d  t o  i t s  needs and economic s i t u a t i o n .  
Enclosed f a c i l  i t i e s  which c o n t a i n  loose  r a d i o a c t i v e  m a t e r i a l s  (e.g., 
contaminated equipment) should be p rov ided  w i t h  a v e n t i l a t i o n  system. V e n t i l a -  
t i o n  systems may a s s i s t  i n  c o n t r o l l i n g  t h e  concen t ra t i on  o f  r a d i o a c t i v e  con- 
taminants  i n  t h e  b u i l d i n g  atmosphere. Th i s  reduces t h e  p r o b a b i l i t y  t h a t  
a i r b o r n e  r a d i o a c t i v e  m a t e r i a l  w i l l  be spread i n s i d e  t h e  b u i l d i n g  o r  r e l eased  
o u t s i d e  t h e  b u i l d i n g .  S p e c i f i c a l l y ,  an e f f e c t i v e  v e n t i l a t i o n  system w i l l  
e l i m i n a t e  b u i l d i n g  re leases  t o  t h e  atmosphere and w i l l  h e l p  decrease personnel 
exposure, r e s p i r a t o r y  p r o t e c t i o n  requirements,  and con tamina t ion  spread i n s i d e  
t h e  f a c i l i t y .  Th i s  i s  p a r t i c u l a r l y  impo r tan t  when waste con ta ine rs  need t o  be 
opened f o r  i n s p e c t i o n  o r  when decontaminat ion o f  h i g h l y  contaminated equipment 
i s  r equ i red .  It may then  be necessary t o  supplement t h e  v e n t i l a t i o n  system 
w i t h  a more l o c a l i z e d  exhaust duc t  o r  hood. F igu re  20 shows an overhead fume 
hood system t h a t  i s  capable o f  be ing  moved up o r  down over  waste con ta ine rs  
f o r  t h e  purpose o f  waste and/or c o n t a i n e r  i nspec t i on .  
I n  c e r t a i n  ins tances ,  i t  may become necessary t o  decontaminate l a r g e  
p ieces  o f  equipment such as reusab le  sh ipp ing  casks. It may then  be appro- 
p r i a t e  t o  have f a c i l i t i e s  designed t o  a c t  as a whole t o  c o n t r o l  con tamina t ion  
spread. An example o f  t h i s  may be a cask p r e p a r a t i o n  and equipment decontami- 
n a t i o n  f a c i l i t y  as shown i n  F igu re  21. Th i s  f a c i l i t y  a l l ows  t h e  t r u c k ,  w i t h  
loaded cask, t o  be d r i v e n  i n t o  t h e  b u i l d i n g  and any needed u n r i g g i n g  o r  decon- 
tam ina t i on  o f  t h e  cask performed. 
Decontaminat ion processes generate contaminated s o l i d ,  l i q u i d ,  o r  gaseous 
waste. Waste c o l l e c t i o n  and containment systems must be i n  p l ace  and operab le  
a t  each f a c i l i t y .  The method o f  c o l l e c t i o n  depends upon t h e  decontaminat ion 
method chosen. For  example, a sump w i t h  a h o l d i n g  tank  may be used t o  c o l l e c t  
contaminated wate r  t h a t  i s  generated i n  scrubbing o r  h y d r o l a s i n g  opera t ions ;  
vacuum equipment may be used t o  c o l l e c t  contaminated sand d u r i n g  sandb las t i ng  
opera t ions ;  and 55- ga l lon  drums may be used t o  c o l l e c t  o t h e r  s o l i d s .  
FIGURE 20. LLW Conta iner  I n s p e c t i o n  F a c i l i t y  Wi th  Overhead Fume Ha 
FIGURE 21. Cask Prepara t ion  and Maintenance F a c i l i t y  
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7.2.2 Release L i m i t s  
Each d i sposa l  s i t e  must e s t a b l i s h  con tamina t ion  l i m i t s  f o r  equipment 
re leased  f o r  use i n  b o t h  t h e  c o n t r o l l e d  and u n c o n t r o l l e d  areas. Enforcement 
o f  these  l i m i t s  ensures t h a t  decontaminat ion o r  d i sposa l  a c t i o n s  a r e  taken 
when t h e  l i m i t s  a r e  exceeded. 
These 1 i m i t s  a r e  d iscussed i n  more d e t a i l  i u  Chapter 6.0 o f  t h i s  document. 
7.3 PERSONNEL DECONTAMINATION 
E f f o r t s  t o  c o n t r o l  personnel con tamina t ion  g r e a t l y  a i d  t h e  e f f o r t s  t o  
c o n t r o l  personnel exposures and con tamina t ion  spread. Access c o n t r o l  and per-  
sonnel m o n i t o r i n g  f o r  con tamina t ion  has been d iscussed p r e v i o u s l y  i n  t h i s  chap- 
t e r .  The methods and equipment a v a i l a b l e  f o r  t h i s  t a s k  w i l l  now be discussed. 
7.3.1 F a c i l i t y  Requirements 
Each s i t e  should m a i n t a i n  a "dedicated"  personnel decontaminat ion area as 
a separate p a r t  o f  some f a c i l i t y .  For  convenience, i t  i s  s t r o n g l y  recommended 
t h a t  an area near  a f i r s t  a i d  s t a t i o n  and a changeroom be des igna ted  as t h e  
decontaminat ion area (see F igu re  3 ) .  I n  des igna t i ng  an area, a t t e n t i o n  should 
be p a i d  t o  t h e  p r o x i m i t y  o f  t h e  area w i t h  r espec t  t o  o t h e r  f u n c t i o n a l  f a c i l i -  
t i e s .  For example, t h e  decontaminat ion f a c i l i t y  should be l o c a t e d  w i t h i n  t h e  
c o n t r o l l e d  area o f  t h e  s i t e .  Contaminated personnel should n o t  be r e q u i r e d  t o  
walk a l o n g  d i s t a n c e  th rough any b u i l d i n g  t o  reach t h e  decontaminat ion area. 
It i s  a l s o  advantageous t o  l o c a t e  t h e  decontaminat ion area near  t h e  showers 
and Hea l t h  Phys ics s t a t i o n .  
It i s  a n t i c i p a t e d  t h a t  con tamina t ion  l e v e l s  assoc ia ted  w i t h  personnel 
a r e  somewhat l owe r  and events  a r e  l e s s  f r equen t  than  those assoc ia ted  w i t h  
equipment. Therefore,  t h e  d e c i s i o n  t o  i n s t a l l  a h o l d i n g  tank  f o r  personnel 
decontaminat ion i s  a b o r d e r l i n e  case and should be based on s p e c i f i c  s i t e  
requirements.  Any shower ded ica ted  t o  personnel decontaminat ion should d r a i n  
i n t o  a separate r e t e n t i o n  tank.  
Re1 ease L im i  t s  
Methods t o  remove e x t e r n a l  con tamina t ion  f rom personnel a r e  r a t h e r  
l i m i t e d .  Thi,s i s  due t o  t h e  r e l a t i v e  ease w i t h  which phys i ca l  and b i o l o g i c a l  
damage can occur  t o  t h e  sk in .  Decontaminat ion o f  t h e  s k i n  i s  e s s e n t i a l l y  
l i m i t e d  t o  washing w i t h  warm water  and a m i l d  so l ven t .  A common, and some- 
t imes e f f e c t i v e  f o l l o w u p  a c t i o n ,  i s  t o  wash t h e  a f f e c t e d  area w i t h  a d i l u t e  
s o l u t i o n  o f  potass ium permanganate. Care must be taken n o t  t o  i r r i t a t e  t h e  
s k i n  i n  t h e  contaminated area. 
Probably,  t h e  o n l y  o t h e r  a c t i o n  s i t e  personnel can t ake  i s  t o  "sweat o u t "  
t h e  contaminated area. For  example, i f  no f u r t h e r  m a t e r i a l  can be removed 
f rom a contaminated hand, a r ubbe r i zed  g love  may be p laced  on t h e  hand and 
sealed w i t h  tape. Th i s  causes a l a r g e  p o r t i o n  o f  t h e  m a t e r i a l s  t o  be re l eased  
f rom t h e  pores i n  t h e  p e r s p i r a t i o n  process. 
Release l i m i t s  f o r  con tamina t ion  on personnel a r e  g i ven  i n  Table 7. I f  
r a d i a t i o n  l e v e l s  remain h i g h  ( g r e a t e r  than tens  o f  mR/hr) a f t e r  repeated decon- 
tamina t ions ,  p r o f e s s i o n a l  medica l  h e l p  may be r e q u i r e d  t o  a s s i s t  i n  removing 
t h e  contaminat ion.  It should be remembered t h a t  medical  t rea tment  should t ake  
precedence over  personnel decontaminat ion when responding t o  contarn inated l  
i n j u r e d  personnel.  
7.4 DECONTAMINATION PROCEDURES 
Formal w r i t t e n  procedures should be developed f o r  equipment and personnel 
decontaminat ion. Procedures h e l p  ensure t h a t  decontaminat ion w i l l  be c a r r i e d  
o u t  i n  a safe,  e f f i c i e n t ,  and approved manner. 
Procedures should ass ign  t h e  responsi  b i  1 i t y  f o r  decontaminat ion t o  a spe- 
c i f i c  i n d i v i d u a l .  Th i s  r e s p o n s i b i l i t y  should be ass igned t o  t h e  s i t e  RSO by 
t h e  s i t e  manager. 
Procedures should des igna te  t h e  equipnient and supp l i es  t o  be used f o r  
decontani inat ion opera t ions .  Procedures should be s p e c i f i c  and d e t a i l e d  t o  
a v o i d  any con fus ion  o r  misunderstanding. They should i n c l u d e  an i n v e n t o r y  
l i s t  and t h e  ass igned l o c a t i o n  o f  decontaminat ion supp l i es  and equipment. 
Procedures should i d e n t i f y  con tamina t ion  l e v e l s  and a c t i o n s  t o  be i n i -  
t i a t e d  when those  l e v e l s  a r e  reached. They should s p e c i f y  t h e  records  r e q u i r e d  
and t h e  i n f o r m a t i o n  t o  be inc luded .  
RECOMMENDATIONS 
Th i s  chap te r  has o u t l i n e d  methods t o  min imize t h e  occurrence and spread 
o f  r a d i o a c t i v e  con tamina t ion  i n c l u d i n g  decontaminat ion cons idera t ions .  The 
ma jo r  recommendations made f o r  program adequacy were: 
The use of f r i s k i n g  s t a t i o n s  i n  low r a d i a t i o n  background areas. 
The use o f  l o c a l i z e d  exhaust duc ts  and hoods t o  handle h i g h l y  con- 
taminated i tems. 
The es tab l i shment  o f  a "dedicated"  personnel decontaminat ion area. 
The es tab l i shment  o f  equipment and personnel decontaminat ion procedures. 
8.0 QUALITY ASSURANCE 
The f o l l o w i n g  chap te r  descr ibes  t h e  q u a l i t y  assurance elements recom'- 
mended f o r  t h e  r a d i a t i o n  p r o t e c t i o n  programs a t  Low-Level Waste (LLW) d isposa l  
s i t e s .  "Qual  i t y  Assurance" i s  de f i ned  as a l l  t h e  planned and sys temat ic  
a c t i o n s  necessary t o  p rov ide  con f idence  t h a t  an i t e m  o r  a  f a c i l i t y  w i l l  pe r-  
fo rm s a t i s f a c t o r i l y  i n  se rv i ce .  As descr ibed  here, q u a l i t y  assurance i s  a  
planned program t o  v e r i f y  t h a t  each p a r t  o f  t h e  ALARA program i s  be ing  
acconipl ished adequate ly  and t h a t  t h e  in tended purpose, t o  ensure t h e  h e a l t h  
and s a f e t y  o f  t h e  worker  and t h e  genera l  p u b l i c ,  i s  met. " Q u a l i t y  Con t ro l "  
(QC), as used i n  t h i s  chapter ,  i s  d e f i n e d  as those qual  i t y  assurance a c t i o n s  
which p rov ide  a  means t o  c o n t r o l  and measure t h e  c h a r a c t e r i s t i c s  o f  an i tem,  
process, o r  f a c i l i t y  i n  accordance w i t h  predetermined requi rements.  
Es tab l  ishment and implementat ion o f  a  Qual  i ty  Assurance (QA) program f o r  
r a d i a t i o n  p r o t e c t i o n  a t  LLW d isposa l  s i t e s  i s  e s s e n t i a l .  The e x t e n t  o f  t h e  
program should be determined f rom a  thorough e v a l u a t i o n  o f  t h e  a c t i v i t i e s  t o  
be conducted, t h e i r  p o t e n t i a l  e f f e c t  on t h e  s a f e t y  o f  t h e  s i t e  personnel and 
t h e  genera l  pub1 i c ,  and t h e  requi rements o f  appl  i c a b l e  r e g u l a t i o n s ,  standards 
and 1  icenses. A d d i t i o n a l l y ,  t h e  e x t e n t  o f  t h e  program should be approved by 
t h e  l e v e l  o f  management r espons ib l e  f o r  t h e  o v e r a l l  performance and s a f e t y  o f  
t h e  f a c i l i t y .  
The QA program should p rov ide  documented, v e r i f i a b l e  evidence t o  suppor t  
t h e  r e l i a b i l i t y  and e f f e c t i v e n e s s  o f  t h e  program, and compl iance w i t h  r egu la-  
t o r y  and l i c e n s e  requirements.  The documentation should i n c l u d e  v e r i f i c a t i o n  
t h a t  necessary c o r r e c t i v e  a c t i o n s  have been implemented. 
The f o l l o w i n g  d i scuss ion  covers t h e  areas o f :  program r e s p o n s i b i l i t y /  
a u t h o r i t y ,  ( 2 )  personnel s e l e c t i o n ,  qual  i f i c a t i o n  and t r a i n i n g ,  ( 3 )  proce-  
dures, ( 4 )  program elements, and ( 5 )  in-house a u d i t s .  
8.1 PROGRAM RESPONSIBILITY/AUTHORITY 
The o r g a n i z a t i o n  hav ing  o v e r a l l  r e s p o n s i b i l i t y  f o r  s a f e t y  a t  a nuc lea r  
f a c i l i t y  should a l s o  be respons ib l e  f o r  t h e  development and implementat ion o f  
t h e  QA program as i t  a p p l i e s  t o  s a f e t y .  A t  an LLW d isposa l  s i t e  t h e  Rad ia t i on  
P r o t e c t i o n  Organ iza t ion  has t h e  r e s p o n s i b i l i t y  f o r  t h e  r a d i a t i o n  p r o t e c t i o n  
program and, t h e r e f o r e ,  should a l s o  be respons ib l e  f o r  t h e  QA- rad ia t i on  p ro-  
t e c t i o n  program. The Rad ia t i on  P r o t e c t i o n  Organ iza t ion  may de lega te  t o  o t h e r  
o rgan i za t i ons  t h e  work t o  develop and implement a l l ,  o r  a  p a r t  o f ,  t h e  QA- 
r a d i a t i o n  p r o t e c t i o n  program, b u t  s h a l l  r e t a i n  r e s p o n s i b i l i t y  f o r  t h e  e f f e c -  
t i veness  o f  t h e  o v e r a l l  program. 
An o r g a n i z a t i o n a l  s t r u c t u r e  f o r  t h e  program should be f o r m a l l y  d e f i n e d  
and documented. The s t a f f  member w i t h  o v e r a l l  r e s p o n s i b i l i t y  f o r  t h e  QA- 
r a d i a t i o n  p r o t e c t i o n  program a t  an LLW d isposa l  s i t e  should be t h e  Rad ia t i on  
Sa fe ty  O f f i c e r  (RSO) o r  Rad ia t i on  P r o t e c t i o n  Manager depending upon s i t e  
des igna t i on  o f  t i t l e .  A  recornmended o r g a n i z a t i o n a l  s t r u c t u r e  i s  o u t l i n e d  i n  
F igu re  22. It i s  impo r tan t  t h a t  t h e  RSO r e p o r t  d i r e c t l y  t o  t h e  s i t e  manager 
bo th  f o r  r a d i a t i o n  p r o t e c t i o n  and QA f u n c t i o n s .  Th i s  i s  recommended t o  ensure 
t h a t  b o t h  t h e  r a d i a t i o n  p r o t e c t i o n  and QA programs a r e  o r g a n i z a t i o n a l  l y  
independent f rom t h e  s i t e  ope ra t i ng  f u n c t i o n s .  I f  t h i s  i s  n o t  accomplished, a  
p o t e n t i a l  c o n f l i c t  o f  i n t e r e s t  cou ld  a r i s e  between t h e  ope ra t i ona l  and s a f e t y  
f u n c t i o n s .  However, i t  must a l s o  be noted t h a t  a  p o t e n t i a l  c o n f l i c t  o f  i n t e r -  
e s t  cou ld  a l s o  a r i s e  between t h e  r a d i a t i o n  p r o t e c t i o n  and QA f u n c t i o n s  f o r  
in-house a u d i t s .  Th i s  aspect  i s  d iscussed i n  more d e t a i l  i n  Sec t ion  8.6 o f  
t h i s  document. 
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FIGURE 22. QA-Radiat ion P r o t e c t i o n  Organ i za t i ona l  S t r u c t u r e  
Where m u l t i p l e  o r g a n i z a t i o n a l  arrangements e x i s t ,  t h e  r e s p o n s i b i l i t y  o f  
each o r g a n i z a t i o n  should be c l e a r l y  es tab l i shed ,  and i n t e r f a c e s  and coord ina-  
t i o n  among t h e  o r g a n i z a t i o n s  should be ensured by formal  mechanisms. The 
a u t h o r i t y  and d u t i e s  o f  personnel and o rgan i za t i ons  respons ib l e  f o r  QA pe r-  
formance and v e r i f i c a t i o n  should be documented i n  w r i t i n g .  They should have 
s u f f i c i e n t  a u t h o r i t y  and o r g a n i z a t i o n a l  freedom t o  i d e n t i f y  QA problems; t o  
i n i t i a t e ,  recommend, o r  p rov ide  so lu t i ons ;  and where necessary,  t o  c o n t r o l  o r  
s t op  f u r t h e r  work e i t h e r  in-house o r  by  vendors. Th is  aspec t  i s  d iscussed i n  
more d e t a i l  i n  Sec t ions  8.4.2 and 8.6. 
8.2 PERSONNEL SELECTION, QUALIFICATION AND TRAINING 
The QA- rad ia t i on  p r o t e c t i o n  program should s p e c i f y  i n  w r i t i n g  t h e  q u a l i -  
f i c a t i o n s ,  t r a i n i n g ,  and s k i l l s  r e q u i r e d  o f  QA personnel .  I n  a d d i t i o n ,  t h e  
LLW disposaq s i t e  o p e r a t i o n a l  schedule should be cons idered t o  a l l o w  adequate 
t ime  t o  ass ign  o r  s e l e c t  personnel and t o  per fo rm t h e  r e q u i r e d  QA t r a i n i n g .  
A1 1 personnel r espons ib l e  f o r  per fo rming  Q A - a c t i v i t i e s  should be qua1 i f i e d  
on t h e  bas i s  o f  t h e  educat ion,  exper ience,  and p r o f i c i e n c y  r e q u i r e d  t o  per fo rm 
t h e  s p e c i f i c  ass igned tasks,. As a minimum, t h e  person respons ib l e  f o r  t h e  
QA- rad ia t i on  p r o t e c t i o n  f u n c t i o n s .  should have t h r e e  yea rs  o f  r a d i a t i o n  p ro-  
t e c t i o n  exper ience, o f  which one y e a r  should be f r om an LLW d isposa l  s i t e .  
The o t h e r  two years  o f  exper ience may be f u l f i l l e d  by r e l a t e d  t e c h n i c a l  o r  
academic t r a i n i n g .  
T r a i n i n g  and r e t r a i n i n g  programs and procedures should be e s t a b l i s h e d  t o  
ensure t h a t  s u i t a b l e  p r o f i c i e n c y  i s  achieved and mainta ined.  The s p e c i f i c s  o f  
o n s i t e  t r a i n i n g  programs a r e  g i ven  i n  Chapter 3.0 o f  t h i s  document. 
8.3 PROCEDURES 
Each LLW d isposa l  s i t e  should have a w r i t t e n  QA program which i s  s p e c i f i c  
t o  r a d i a t i o n  p r o t e c t i o n .  The f o rma l i zed  QA document(s) should i nc l ude ,  as a 
minimum, a program p o l i c y  statement,  s t a f f  member r e s p o n s i b i l i t i e s  and au thor-  
i t y ,  and QA procedures. I n  a d d i t i o n ,  t h e  document(s) should de f i ne :  (1) t h e  
e x t e n t  and con ten t  o f  t h e  program, ( 2 )  t h e  records  requ i red ,  (3 )  acceptance 
c r i t e r i a  t o  determine t h a t  a c t i v i t i e s  have been s a t i s f a c t o r i l y  accomplished, 
and ( 4 )  a u d i t  f u n c t i o n s  r e q u i r e d  t o  v e r i f y  implementat ion o f  t h e  QA-ALARA 
program. 
I n  o r d e r  t o  have e f f e c t i v e  QA procedures, i t  i s  necessary t h a t  they  be 
p e r i o d i c a l l y  reviewed and updated as necessary. The rev iew process should be 
conducted n o t  o n l y  by t h e  person respons ib l e  f o r  t h e  program (RSO) b u t  a l s o  by 
t h e  personnel who per fo rm t h e  QA f u n c t i o n s  on a r o u t i n e  bas is .  Upon acceptance 
o f  t h e  procedures, t h e  RSO should s i g n  and da te  them t o  i n d i c a t e  t h a t  they  
rep resen t  c u r r e n t  QA p o l i c y .  It i s  recommended t h a t  t h e  rev iew and update 
process be performed on a y e a r l y  b a s i s  as a minimum. Procedure development i s  
d iscussed i n  more d e t a i l  i n  Chapter 2.0 o f  t h i s  document. 
8.4 RADIATION PROTECTION PROGRAM ELEMENTS 
The purpose o f  a r a d i a t i o n  p r o t e c t i o n  program i s  t o  p rov ide  c o n t r o l  i n  
t h e  s torage,  hand l ing ,  and use o f  r a d i o a c t i v e  m a t e r i a l .  Personnel r espons ib l e  
f o r  r a d i a t i o n  p r o t e c t i o n  need t o  ensure t h a t  t h e  program accomplishes i t s  pur-  
pose. Consequently, a QA- rad ia t i on  p r o t e c t i o n  program i s  needed t o  v e r i f y  
t h a t  a c t i v i t i e s  a r e  conducted as des i r ed  and t h a t  e s t a b l i s h e d  r e g u l a t i o n s  and 
standards a r e  met. 
Funct ions f o r  which a  QA- rad ia t i on  p r o t e c t i o n  program should be developed 
i nc l ude ,  b u t  a r e  n o t  l i m i t e d  t o :  (1) c a l i b r a t i o n  o f  r a d i a t i o n  d e t e c t i o n  and 
measurement equipment, ( 2 )  e x t e r n a l  dos imetry ,  ( 3 )  b i o s u r v e i l  lance,  ( 4 )  r a d i a -  
t i o n  and con tamina t ion  s u r v e i l  lance,  and ( 5 )  a i r b o r n e  r a d i o a c t i v i t y  s u r v e i l  - 
lance  and r e s p i r a t o r y  p r o t e c t i o n .  The se rv i ces  and t h e  r e s u l t i n g  da ta  f o r  t h e  
f i r s t  t h r e e  f u n c t i o n s  i d e n t i f i e d  above a r e  most commonly p rov ided  by vendors 
t o  LLW d i sposa l  s i t e s .  Th i s  may p resen t  a  problem f o r  t h e  LLW s i t e  i n  t h a t  a  
day- to-day overv iew o f  t h e  work i s  n o t  p o s s i b l e  as compared t o  in- house se r-  
v i ces  such as a i r b o r n e  s u r v e i l l a n c e .  The f o l l o w i n g  two sec t i ons  recommend QA 
program elements t h a t  may be a p p l i e d  t o  vendors f o r  t h e i r  c a l i b r a t i o n ,  e x t e r n a l  
dos imetry ,  and b i o s u r v e i l l a n c e  se rv i ces .  These elements can then  p r o v i d e  
mechanisms t o  ensure t h a t  t h e  vendor se rv i ces  have been s a t i s f a c t o r i l y  accom- 
p l i s h e d .  The o t h e r  r a d i a t i o n  p r o t e c t i o n  f u n c t i o n s  l i s t e d  above should be 
eva lua ted  by in-house a u d i t i n g  as d iscussed i n  Sec t ion  8.5. 
8.4.1 Vendor S e l e c t i o n  
The LLW d i sposa l  s i t e  needs a  process n o t  o n l y  t o  eva lua te  t h e  end p ro-  
c t  o r  s e r v i c e  o f  a  vendor b u t  t o  s e l e c t  a  vendor i n i t i a l l y .  A vendor, as 
f i n e d  here, i s  any i n d i v i d u a l  o r  o r g a n i z a t i o n ,  independent o f  t h e  LLW d i s -  
posal  s i t e ,  under c o n t r a c t  t o  f u r n i s h  i tems o r  se rv ices .  The s e l e c t i o n  o f  a  
vendor i s  a  t w o- f o l d  process. The f i r s t  i s  t h e  de te rm ina t i on  o f  t h e  vendor ' s  
c a p a b i l i t y  and t h e  second i s  t he  assurance o f  q u a l i t y  performance by t h e  ven- 
dor.  The q u a l i t y  o f  performance i s  s p e c i f i e d  through t h e  use o f  procurement 
r equ i  rements . 
A f o r m a l i z e d  process t o  determine t h e  vendor ' s  c a p a b i l i t y  should be used. 
W r i t t e n  procedures should be developed f o r  vendor eva lua t i on .  The r e s u l t s  o f  
vendor eva lua t i ons  should be documented f o r  use i n  f u t u r e  eva lua t i ons .  The 
de te rm ina t i on  o f  t h e  vendor ' s  c a p a b i l i t y  should i nc l ude ,  as a  minimum, an 
e v a l u a t i o n  by t h e  LLW s i t e  o f  t h e  f o l l o w i n g :  
h i s t o r y  o f  ' vendor ' s  p roduc t  o r  s e r v i c e  based on exper ience o f  o t h e r  users  
vendor ' s  c u r r e n t  QA records  suppor ted by documented q u a l i t a t i v e  o r  quan- 
t i t a t i v e  i n f o r m a t i o n  
vendor ' s  c u r r e n t  t e c h n i c a l  c a p a b i l i t y ,  f a c i l i t i e s  and personnel 
p roduc t  samples. 
Procurement requi rements t o  ensure q u a l i t y  should i n c l u d e  as a  minimum: 
s ta tement  o f  t h e  scope of t h e  work t o  be p rov ided  by t h e  vendor 
t e c h n i c a l  requi rements t h a t  desc r i be  t he  i tems o r  s e r v i c e s  t o  be s u p p l i e d  
t e s t ,  i n s p e c t i o n ,  and acceptance requi rements 
QA requi rements 
r e p o r t i n g  and documentat ion o f  nonconformances 
s p e c i a l  i n s t r u c t i o n s  rega rd ing  a c t i o n  l e v e l s ,  i .e. , e x t e r n a l  dos imet ry  
overexposures. 
The i tems o u t l i n e d  above should be p a r t  o f  a  formal w r i t t e n  procurement 
reques t  f o r  a  p roduc t  o r  s e r v i c e  f r om t h e  vendor. 
8.4.2 Vendor Eva lua t i on  
It i s  t h e  LLW d isposa l  s i t e ' s  r e s p o n s i b i l i t y  t o  eva lua te  t h e  vendor ' s  QA 
program and ensure t h a t  i t  i s  a p p r o p r i a t e  and s a t i s f i e s  t h e  requi rements f o r  
t h e  i tems o r  se rv i ces  be ing  fu rn ished .  The f i r s t  s t e p  towards t h i s  goal  i s  
t h e  r e c e i p t  o f  a  c e r t i f i c a t e  o f  conformance f rom t h e  vendor. Th i s  c e r t i f i c a t e  
i s  de f i ned  as a  w r i t t e n  statement,  s igned by a  q u a l i f i e d  pa r t y ,  c e r t i f y i n g  
t h a t  t h e  i tems o r  se rv i ces  comply w i t h  s p e c i f i c  requi rements as e s t a b l i s h e d  by 
r e g u l a t i o n s ,  standards and t h e  LLW s i t e  i t s e l f .  
The r e l i a b i l i t y  o f  t h e  vendor ' s  program can be f u r t h e r  eva lua ted  through 
t h e  use o f  QC samples. The a n a l y s i s  o f  QC samples p rov ides  a  means t o  d e t e r -  
mine t h e  p r e c i s i o n  and accuracy o f  t h e  m o n i t o r i n g  processes. The QC d e f i n i -  
t i o n s  o f  i n t e r e s t  are:  
-- Accuracy--The degree o f  agreement o f  t h e  observed va lue  w i t h  t h e  conven- 
t i o n a l l y  t r u e  va lue  o f  t h e  q u a n t i t y  be ing  measured. 
A n a l y t i c a l  Blank--A sample hav ing  a l l  o f  t h e  c o n s t i t u e n t s  o f  t h e  unknown 
sample except  those t o  be determined. 
Prec is ion- -The degree o f  agreement o f  repeated measurements o f  t h e  same 
parameter. 
Spiked Sample--A sample t o  which a  known amount o f  r a d i o a c t i v e  m a t e r i a l  
has been added. 
S p l i t  Sa,mple--A homogeneous sample t h a t  i s  d i v i d e d  i n t o  pa r t s ,  each o f  
which i s  analyzed by independent o rgan i za t i ons .  
A n a l y t i c a l  b lanks  p rov ide  a  means t o  d e t e c t  and measure r a d i o a c t i v e  contamina- 
t i o n  o f  a n a l y t i c a l  saniples and a l s o  p rov ide  i n f o r m a t i o n  on t h e  adequacy o f  
background sub t rac t i on .  The a n a l y s i s  o f  s p l i t  samples p rov ides  a  means t o  
determine p r e c i s i o n ,  whereas t h e  a n a l y s i s  o f  sp iked  samples p rov ides  a  means 
t o  determine accuracy. The de te rm ina t i on  o f  t h e  p r e c i s i o n  and accuracy o f  t h e  
mon i t o r i ng  processes should be accomplished through t h e  use o f  bo th  i n t r a -  
l a b o r a t o r y  and i n t e r - l a b o r a t o r y  measurements. I n t r a - l a b o r a t o r y  a n a l y s i s  o f  
s p l i t  samples should be performed r o u t i n e l y  f rom samples t h a t  a re  as homo- 
geneous as poss ib l e .  I n t e r - l a b o r a t o r y  a n a l y s i s  o f  samples s p l i t  between one 
o r  more independent l a b o r a t o r i e s  should a l s o  be performed r o u t i n e l y .  I t  i s  an 
impor tan t  p a r t  o f  t h e  QA program, because i t  prov ides  a  means t o  d e t e c t  e r r o r s  
t h a t  m igh t  n o t  be de tec ted  by i n t r a - l a b o r a t o r y  nieasurements alone. These 
independent l a b o r a t o r i e s  should be those whose measurements a r e  t r a c e a b l e  t o  
t h e  Nat iona l  Bureau o f  Standards (NBS). 
The f o l l o w i n g  two sec t i ons  desc r i be  t h e  recommended QA- rad ia t i on  p ro tec-  
t i o n  programs f o r  ins t rument  c a l i b r a t i o n  and e x t e r n a l  dos imetry .  
8.4.2.1 Ins t rument  C a l i b r a t i o n  
De tec t i on  and measurement ins t ruments  r e q u i r e  c a l i b r a t i o n  i n  a  known 
r a d i a t i o n  f i e l d  o r  a  comparison w i t h  ins t ruments  w i t h  known responses t o  
ensure t h e i r  r e l i a b i l i t y  f o r  use i n  t h e  f i e l d .  C a l i b r a t i o n  as d e f i n e d  here  i s  
t h e  process o f  de te rmin ing  t h e  response o r  read ing  o f  an i ns t rumen t  r e l a t i v e  
t o  a  s e r i e s  o f  c o n v e n t i o n a l l y  t r u e  va lues.  A t  LLW d isposa l  s i t e s  these  c a l i -  
b r a t i o n s  a r e  performed on a y e a r l y  bas i s  u s u a l l y  through a c o n t r a c t  w i t h  a  
c a l i b r a t i o n s  l a b o r a t o r y  and/or a  vendor, and a r e  des ignated t h e  p r imary  c a l i -  
b r a t i o n s .  Upon r e c e i p t  o f  t h e  c a l i b r a t e d  ins t ruments ,  LLW s i t e  personnel 
should assure themselves t h a t  t h e  ins t ruments  have been p r o p e r l y  c a l i b r a t e d  
and a r e  responding adequate ly  be fo re  a l l o w i n g  t h e i r  f i e l d  use. To p rov ide  f o r  
t h i s  assurance, an " in-house" t e s t  o f  t h e  i ns t rumen t  response should be made 
as soon a f t e r  t h e  p r ima ry  c a l i b r a t i o n  as poss ib l e .  Th i s  t e s t  should c o n s i s t  
o f  a  check o f  t h e  i n s t r u m e n t ' s  response t o  a  known source o f  r a d i a t i o n .  I f  
t h e  ins t rument  r ead ing  on any sca le  d i f f e r s  by more than  +20% f rom t h e  
accepted value, then  t h e  i ns t rumen t  should be re tu rned  t o  t h e  c a l i b r a t i o n  
f a c i l i t y  f o r  maintenance, r e p a i r ,  and r e c a l i b r a t i o n ,  as requ i red .  
It must be p o i n t e d  o u t  t h a t  a  fo rma l ,  d e t a i l e d  QA program f o r  vendor 
ins t rument  c a l i b r a t i o n  needs t o  be es tab l i shed ,  p a r t i c u l a r l y  i f  t h e  c a l i b r a -  
t i o n s  a re  n o t  performed " in-house." It i s  a  poor  p r a c t i c e  t o  accept  da ta  ( o f  
any t y p e )  on " f a i t h "  whether generated by a vendor o r  " in-house."  
8.4.2.2 Ex te rna l  Dosimetrv 
Ex te rna l  dos imet ry  dev ices (dos imeters )  a r e  u s u a l l y  supp l i ed  t o  LLW d i s -  
posal  s i t e s  by vendors. A f t e r  use, t h e  vendors process t h e  dos imeters  and 
supply  exposure r e p o r t s  t o  t h e  LLW s i t e s .  I n  o rde r  t o  ensure t h a t  t h e  expo- 
sure data i s  r e l i a b l e ,  t h e  LLW s i t e s  should per fo rm QA checks on t h e  vendor ' s  
data.  To accompl ish t h i s ,  QC dos imeters  a r e  exposed t o  va r i ous  known exposure 
l e v e l s  ( sp i ked  samples) and a r e  sen t  w i t h  t h e  r e g u l a r  s t a f f  member dos imeters  
t o  be processed. I n  a d d i t i o n ,  c o n t r o l  ( b l a n k )  dosimeters r e p r e s e n t a t i v e  o f  
background r a d i a t i o n  l e v e l s  should be sen t  t o  t h e  vendor a t  t h e  same t ime.  
The exposure r e s u l t s  o f  these dosimeters,  as determined by t h e  vendor, a r e  
then compared t o  t h e  va lues determined by t h e  LLW s i t e .  The conc lus ions  o f  
t h i s  comparison a l l o w  t h e  LLW s i t e  t o  e i t h e r  accept  t he  vendor ' s  da ta  o r  
r e q u i r e  t h e  vendor t o  a d j u s t  i t s  a n a l y s i s  acco rd ing l y .  
Formal w r i t t e n  procedures should be developed f o r  t h e  performance o f  t h e  
QC.checks. These procedures need t o  i n c l u d e  t h e  f o l l o w i n g  i tems:  
The number o f  dos imeters  t o  be " sp iked"  t o  each exposure l e v e l  so t h e  
r e s u l t s  can be cons idered s t a t i s t i c a l l y  v a l i d .  As a minimum, t h r e e  
dos imeters  should be sp iked  a t  each exposure l e v e l .  
Range o f  sp iked  exposure va lues determined t o  be r e p r e s e n t a t i v e  o f  expo- 
sure range i n  t he  f i e l d .  As a minimum, t h e  range should cover  0-5 rem. 
a The number o f  d i f f e r e n t  exposure va lues r e q u i r e d  t o  cover  t h e  exposure 
range. As a minimum, one exposure l e v e l  below 500 mrem, one between 500 
mrem and 1 rem, and one g r e a t e r  than  1 rem should be used. 
a The number o f  c o n t r o l  dos imeters  r e q u i r e d  f o r  s t a t i s t i c a l  v a l i d i t y .  As a 
min,imum, t h r e e  dos imeters  should be s t o r e d  i n  an area where exposure t o  
LLW i s  minimized. 
a The f requency o f  i n c l u s i o n  o f  QC dos imeters  w i t h  o c c u p a t i o n a l l y  exposed 
dos imeters  t o  be processed by t he  vendor. As a minimum, a q u a r t e r l y  f r e -  
quency i s  recommended. 
The s p i k i n g  o f  dos imeters  should be accomplished us ing  t h e  t ype  o f  r a d i a -  
t i o n  (gamma and b e t a )  expected t o  be e m i t t e d  f rom LLW. I n  a d d i t i o n ,  energy 
l e v e l s  f o r  s p i k i n g  should be r e p r e s e n t a t i v e  o f  t h e  energy l e v e l s  o f  t h e  r a d i a -  
t i o n  e m i t t e d  f rom t h e  waste packages. 
I f  t h e  exposure data r e p o r t e d  by t h e  vendor d i f f e r s  by more than +20% 
f rom t h e  accepted QC va lues,  an i n v e s t i g a t i o n  should be conducted by t h e  LLW 
s i t e  t o  r e s o l v e  t h e  d iscrepancy.  A l l  QA data and i n v e s t i g a t i o n s  o f  ex te rna l  
dos imet ry  r e s u l t s  need t o  be documented i n  w r i t i n g .  
LLW d isposa l  s i t e s  t h a t  process t h e i r  own dos imeters  a l s o  need t o  meet 
these o u t l i n e d  QA c r i t e r i a .  I n  o rde r  t o  accompl ish t h i s ,  i t  i s  recommended 
t h a t  t h e  QA f u n c t i o n  be p rov ided  by an independent l a b o r a t o r y .  As d e f i n e d  
here, an independent l a b o r a t o r y  may be e i t h e r  an in-house group independent o f  
t h e  r a d i a t i o n  p r o t e c t i o n  f u n c t i o n  o r  a l a b o r a t o r y  o u t s i d e  o f  t h e  l i c e n s e e  
business s t r u c t u r e .  
8.5 IN-HOUSE AUDITS 
The r a d i a t i o n  p r o t e c t i o n  programs a t  LLW d isposa l  s i t e s  should p rov ide  
f o r  a rev iew o f  t h e  program on a t  l e a s t  a y e a r l y  bas i s .  A QA a u d i t  i s  t h e  
mechanism t h a t  should be used t o  accompl ish t h i s .  It i s  a formal  examinat ion 
o f  c e r t a i n  s p e c i f i c  elements o f  t h e  r a d i a t i o n  p r o t e c t i o n  program t o  v e r i f y  
t h a t  t h e  program i s  be ing  conducted i n  accordance w i t h  e s t a b l i s h e d  w r i t t e n  
procedures and good p r a c t i c e s .  QA a u d i t s  may be performed on vendor a c t i v i -  
t i e s ,  as descr ibed  p r e v i o u s l y  i n  Sec t ion  8'.4, o r  on " in-house" a c t i v i t i e s  
through t h e  use o f  " in-house" a u d i t s .  
" In-house" QA- rad ia t i on  p r o t e c t i o n  a u d i t s  should be performed by a team 
t h a t  i s  o r g a n i z a t i o n a l l y  independent o f  t h e  r a d i a t i o n  p r o t e c t i o n  f u n c t i o n .  
Th is  does n o t  mean t h a t  t h e  l a t t e r  has no QA r e s p o n s i b i l i t i e s  o r  f unc t i ons ,  
b u t  r a t h e r  t h a t  t h e  l i n e  managers respons ib l e  f o r  implement ing r a d i a t i o n  
p r o t e c t i o n  should n o t  a l s o  be respons ib l e  f o r  QA a u d i t s  and eva lua t i ons  o f  
t h e i r  own programs. 
RECOMMENDATIONS 
Th i s  chap te r  has o u t l i n e d  a  Q A- r a d i a t i o n  p r o t e c t i o n  program f o r  LLW 
d i sposa l  s i t e s .  The ma jo r  recommendations made f o r  program adequacy were: 
The person respons ib l e  f o r  Q A- r a d i a t i o n  p r o t e c t i o n  f u n c t i o n s  shou ld  have 
t h r e e  yea rs  o f  r a d i a t i o n  p r o t e c t i o n  exper ience o f  which one y e a r  shou ld  
be f r om an LLW d i sposa l  s i t e .  
E s t a b l i s h  a  f o r m a l i z e d  process t o  s e l e c t  and eva lua te  vendor se r v i ces .  
9.0 PROCEDURESIDOCUMENTATION 
Formal ized w r i t t e n  procedures,  i n  c o n j u n c t i o n  w i t h  documentat ion o f  
a c t i v i t i e s  and r e s u l t s ,  i s  e s s e n t i a l  f o r  an e f f e c t i v e  r a d i a t i o n  p r o t e c t i o n  
program. W r i t t e n  procedures should  be used t o  c o n t r o l  a c t i v i t i e s  when neces- 
sary  t o  meet e s t a b l i s h e d  requi rements .  I n  c o n t r a s t ,  documentat ion o r  record -  
keeping should  p rov i de  an i n d i c a t i o n  o f  program e f f e c t i v e n e s s  and e s t a b l i s h  a  
da ta  base aga ins t  which f u t u r e  nieasurements can be eva luated.  
The f o l l o w i n g  d i scuss ion  covers  t h e  areas o f :  ( 1 )  procedure format ,  
( 2 )  procedure update and rev iew,  ( 3 )  documentation, and ( 4 )  r e c o r d  r e t e n t i o n .  
9.1 PROCEDURE FORMAT 
Procedures should  be developed t o  p rov i de  guidance f o r  a c t i v i t i e s  s p e c i f i -  
c a l  l y  assoc ia ted  w i t h  t h e  r a d i a t i o n  p r o t e c t i o n  programs a t  LLW d i sposa l  s i t e s .  
They should  be prepared as f o r m a l i z e d  w r i t t e n  documents. These procedures a re  
necessary t o o l s  t o  ensure t h a t  s p e c i f i c  guidance i s  p rov i ded  f o r  r a d i a t i o n  
p r o t e c t i o n  tasks  t h a t :  (1) must be done i n  a  p r e c i s e  way, ( 2 )  must be done i n  
t h e  same way r e p e t i t i v e l y ,  ( 3 )  a r e  coniplex and i n v o l v e d  i n  d e t a i l ,  ( 4 )  r e q u i r e  
s p e c i f i c  o r  unique i n s t r u c t i o n s ,  and ( 5 )  must be c o n t r o l l e d .  
The areas o f  t h e  r a d i a t i o n  p r o t e c t i o n  program t h a t  need, and a r e  most 
b e n e f i t e d  by, w r i t t e n  procedures are:  (1) t r a i n i n g ,  ( 2 )  i n t e r n a l  and e x t e r n a l  
exposure c o n t r o l  , ( 3 )  r e s p i  r a t o r y  p r o t e c t i o n ,  and ( 4 )  s u r v e i  11 ance. Procedure 
t o p i c s  a p p l i c a b l e  t o  these areas i n c l u d e  t h e  f o l l o w i n g :  
O u a l i f i c a t i o n  and T r a i n i n a  
s e l e c t i o n  
- r a d i a t i o n  p r o t e c t i o n  t echn i c i ans  
- r a d i a t i o n  p r o t e c t i o n  p r o f e s s i o n a l s  
- r a d i a t i o n  p r o t e c t i o n  i n s t r u c t o r s  
genera l  enipl oyee t r a i n i n g  
a r a d i a t i o n  worker t r a i n i n g  
r a d i a t i o n  p r o t e c t i o n  s t a f f  t r a i n i n g  
- r a d i a t i o n  p r o t e c t i o n  t e c h n i c i a n s  
- r a d i a t i o n  p r o t e c t i o n  p r o f e s s i o n a l s  
I n t e r n a l  and Ex te rna l  Exposure Cont ro l  
ALARA 
b i o s u r v e i l l a n c e  
- i n  v i v o  coun t i ng  
--
- u r i n a l y s i s  
- fecal analysis 
- nasal smears 
airborne radioactivity 
personnel dosimeters 
exposure l imits  
dose models/calculations 
overexposures (admi ni s t r a t i  velregul atory ) 
calibration and quality assurance 
reports to  workers 
Respiratory Protection 
a corporate pol icy 
a training 
a respirator  f i t t i n g  
a respirator maintenance 
a selection, issuance, and use 
Surveillance 
a radiological surveys 
- radiation, contamination, airborne radioactivity 
- requirements 
- performance 





a radiation work permits 
a decontamination/release 1 imi t s  
- personnel 
- equipment. 
The w r i t t e n  procedures should be developed by t h e  LLW s i t e  r a d i a t i o n  p ro-  
t e c t i o n  group w i t h  i n p u t  f rom o t h e r  o n s i t e  management and co rpo ra te  management. 
As a minimum, these procedures should i nc l ude :  
a procedure number t o  a l l o w  f o r  f u t u r e  re fe rence  
a pracedure t i t l e  
a approval  s i gna tu re  
a approval  da te  
a r e v i s i o n  number 
a number o f  pages i n  procedure. 
9.2 PROCEDURE UPDATE AND REVIEW 
Rad ia t i on  p r o t e c t i o n  procedures should be reviewed and approved by those 
respons ib l e  f o r  t h e  r a d i a t i o n  p r o t e c t i o n  program. A rev iewer  independent o f  
t h e  programs should a l s o  be i n v o l v e d  i n  t he  rev iew process. The rev iew  should 
occur  p r i o r  t o  procedure i s sue  o r  s i g n i f i c a n t  m o d i f i c a t i o n s ,  and p e r i o d i c a l l y  
d u r i n g  use. Changes t h a t  subs tan t i  a1 l y  r e v i s e  procedures o r  opera t ions  should 
be documented and t h e  LLW s i t e  personnel in formed o f  t h e  changes and t h e  rea-  
son f o r  t h e  changes. 
The bas i c  purpose o f  r ev i ew ing  t h e  r a d i a t i o n  p r o t e c t i o n  procedures i s  t o  
i d e n t i f y  t h e  i tems t h a t  a f f e c t  t h e  r a d i a t i o n  exposure o f  s i t e  personnel and t o  
assess those i tems t o  ensure t h a t  exposures w i l l  be reduced t o  ALARA. A check- 
l i s t  may be o f  b e n e f i t  i n  per fo rming  a procedure rev iew.  However, ca re  niust 
be taken t o  p reven t  t h e  rev iew f rom beconling a mechanical process r a t h e r  than 
a t r u e  assessment. Procedures should be reviewed f o r :  ( 1 )  appl  i c a b i  1  i t y  t o  
t h e  work, ( 2 )  c l a r i t y  i n  d e s c r i b i n g  what t o  do and how t o  do it, and ( 3 )  t h e  
impact o f  each s tep  on r a d i a t i o n  exposure. It i s  recommended t h a t  t h e  rev iew 
process be performed every two years  as a minimum. I n  a d d i t i o n ,  t h e  au tho r i zed  
rev iewers should s i g n  and da te  t h e  procedures t o  i n d i c a t e  t h a t  they  represen t  
c u r r e n t  p o l  i c y .  
9.3 DOCUMENTATION 
Good recordkeeping i s  ve ry  impor tan t  when d e a l i n g  w i t h  r a d i o a c t i v e  mate- 
r i a l .  It a l l ows  LLW s i t e  personnel t o :  ( 1 )  eva lua te  t h e  e f f e c t i v e n e s s  o f  t h e  
r a d i a t i o n  p r o t e c t i o n  program, ( 2 )  t r a c e  t h e  cause o f  t rends ,  and (3 )  demon- 
s t r a t e  conipl iance w i t h  government r e g u l a t i o n s  and l i censes .  I n  a d d i t i o n ,  f o r -  
mal records o f  r a d i a t i o n  p r o t e c t i o n  a c t i v i t i e s  i n c l u d i n g  accura te  documentation 
of dos imetry  data,  survey measurements, and i n c i d e n t  i n v e s t i g a t i o n s  can be a 
va luab le  ALARA t o o l .  Wi thout  adequate and accura te  records,  i t  would be 
d i f f i c u l t  t o  p r e d i c t  o r  meet ALARA goals .  
Records should be o f  a  q u a l i t y  t h a t  w i l l  enable them t o  be r e t a i n e d  
i n d e f i n i t e l y  w i t h o u t  l o s i n g  t h e i r  l e g i b i l i t y .  The records  r e t a i n e d  f o r  each 
i n d i v i d u a l  should be mainta ined,  e i t h e r  i n  i n d i v i d u a l  f i l e s  o r  i n  a  system 
where t h e  da ta  can be e a s i l y  and q u i c k l y  r e t r i e v e d .  
It i s  recommended t h a t  t h e  records  i n  t h e  i n d i v i d u a l  f i l e s  be hard-paper 
copies,  m i c r o f i l m ,  o r  n i ic ro f iche.  Cons idera t ion  should be g i ven  t o  ma in ta i n  
dual  se t s  o f  records ,  s t o r e d  a t  d i f f e r e n t  l o c a t i o n s ,  t o  ensure t h a t  t h e  records  
a r e  n o t  l o s t  i n  t h e  event  o f  a  f i r e  o r  o t h e r  major  catast rophe.  I f  dual  s e t s  
o f  records  a r e  n o t  mainta ined,  t h e  records  should be kep t  i n  a  hardened 
l o c a t i o n .  
Records c o n t a i n i n g  in fo rmat ion  r e l a t i n g  t o  personnel should i d e n t i f y  t h e  
person by name, s o c i a l  s e c u r i t y  number, b i r t h  date,  and sex as a  minimum. 
Recordkeeping systems f o r  t he :  (1) t r a i n i n g ,  ( 2 )  i n t e r n a l  and e x t e r n a l  
exposure c o n t r o l  , ( 3 )  r e s p i r a t o r y  p r o t e c t i o n ,  and ( 4 )  s u r v e i  11 ance programs 
a r e  d iscussed i n  t h e  f o l l o w i n g  sec t ions .  
9.3.1 T r a i n i n g  
It i s  recommended t h a t  t h e  LLW d isposa l  s i t e  s t a f f  member respons ib l e  f o r  
t he  t r a i n i n g  program ma in ta i n  a  t r a i n i n g  f i l e  f o r  each r a d i a t i o n  p r o t e c t i o n  
course t h a t  i s  g iven .  Th is  f i l e  should c o n t a i n  t h e  f o l l o w i n g  i n f o r m a t i o n  as a  
minimum: 
name o f  course 
da te  and l o c a t i o n  o f  course 
i d e n t i t y  o f  i n s t r u c t o r ( s )  
d e s c r i p t i o n  o f  course con ten t  i n c l u d i n g  course o u t l i n e ,  sy l l abus ,  and 
o t h e r  s u b j e c t - d e s c r i p t i v e  i n f o r m a t i o n  
i d e n t i f i c a t i o n  o f  i n d i v i d u a l s  i n  at tendance (name, s o c i a l  s e c u r i t y  num- 
ber ,  b i r t h  date,  sex) 
performance r e q u i  rements ( t e s t s ,  phys i ca l  demonstrat ions, e t c )  . 
I n  a d d i t i o n ,  i n d i v i d u a l  t r a i n i n g  records  should be kep t  i n  each s t a f f  
member's t r a i n i n g  f i l e  and should i nc l ude :  
worker  i d e n t i f i c a t i o n  (name, s o c i a l  s e c u r i t y  number, b i r t h  date,  sex) 
t i t l e  and da te  o f  t h e  t r a i n i n g  program 
i d e n t i f i c a t i o n  o f  t h e  i n s t r u c t o r  and t r a i n i n g  l o c a t i o n  
a  performance r a t i n g  f o r  each segment o f  t r a i n i n g  o r  each t r a i n i n g  p ro-  
gram completed by t h e  worker; numerical  o r  l e t t e r  grade and/or a  w r i t t e n  
e v a l u a t i o n  w i t h  t h e  i n s t r u c t o r ' s  s i gna tu re .  
The i n d i v i d u a l  t r a i n i n g  f i l e  should a l s o  i n c l u d e  a  reco rd  o f  t h e  s - t a f f  niem- 
b e r ' s  p rev ious  academic course work and exper ience ob ta ined  f rom o t h e r  
f a c i l i t i e s .  
9.3.2 I n t e r n a l  and Ex te rna l  Exposure Cont ro l  
An i n d i v i d u a l  exposure h i s t o r y  f i l e  should be ma in ta ined  f o r  each s t a f f  
member. Th i s  f i l e  should c o n t a i n  t h e  f o l l o w i n g  records  as a  minimum: 
occupat iona l  exposure records 
- NRC-5 o r  equ i va len t  
- NRC-4 o r  equ i va len t  
exposure e v a l u a t i o n  f o r  damaged o r  l o s t  dos imetry  
records  o f  exposure i n f o r m a t i o n  requested by and f rom o t h e r  o rgan i za t i ons  
whole body count  records 
u r i n a l y s i s / f e c a l  a n a l y s i s  records 
decontaminat ion records 
a c c i d e n t / i n c i d e n t  i n v e s t i g a t i o n  repo r t s .  
The above mentioned records  should i n c l u d e  t h e  f o l l o w i n g  i n f o r m a t i o n  
where appl  i c a b l  e: 
worker i d e n t i f i c a t i o n  (name, s o c i a l  s e c u r i t y  number, b i r t h d a t e ,  sex)  
da te  o f  overexposure o r  suspected i n t a k e  
work area and j o b  d e s c r i p t i o n  
rad ionuc l  i des  i nvo l ved  
i d e n t i f i c a t i o n  o f  a n a l y s i s  personnel 
c a l c u l a t i o n s  and models used. 
9.3.3. Resp i ra to r y  P r o t e c t i o n  
Records generated f rom t h e  r e s p i r a t o r y  p r o t e c t i o n  program may be d i v i d e d  
i n t o  two groupings. The f i r s t  covers t h e  areas o f  maintenance, c lean ing ,  
i nspec t i on ,  issuance, and r e t u r n  o f  r e s p i r a t o r s .  Data ob ta ined  should be 
documented and t h e  r e s u l t i n g  records kep t  t oge the r  i n  a  c e n t r a l i z e d  f i l e .  
These records should i nc l ude  t h e  f o l l o w i n g  i n f o r m a t i o n  as a  minimum: 
s t a t u s  o f  i n s p e c t i o n  
da te  o f  i n s p e c t i o n  
i n s p e c t o r ' s  s i gna tu re  
da te  o f  r e s p i r a t o r  issuance 
i d e n t i f i c a t i o n  o f  t h e  s t a f f  member t h a t  t h e  r e s p i r a t o r  was i ssued  t o  
s i gna tu re  o f  i s sue r .  
Records p e r t a i n i n g  t o  personnel t r a i n i n g  and r e s p i r a t o r  f i t t i n g  should be 
kep t  i n  t h e  i n d i v i d u a l  t r a i n i n g  f i l e s  f o r  each s t a f f  member. These records 
should i n c l u d e  t h e  f o l l o w i n g  i n f o r m a t i o n  as a  minimum: 
worker i d e n t i f i c a t i o n  (name, s o c i a l  s e c u r i t y  number, b i  r t hda te ,  sex) 
t i t l e  and da te  o f  t h e  t r a i n i n g  program 
i d e n t i f i c a t i o n  o f  t he  i n s t r u c t o r  and t r a i n i n g  l o c a t i o n  
a  performance r a t i n g  f o r  each segment of t r a i n i n g  o r  each t r a i n i n g  
program completed by t h e  worker; numerical  o r  l e t t e r  grade and/or  a  w r i t -  
t e n  e v a l u a t i o n  w i t h  t h e  i n s t r u c t o r ' s  s i gna tu re  
personnel r e s p i r a t o r  f i t t i n g  s t a t u s  
da te  o f  f i t t i n g  
s i gna tu re  o f  f i t t e r .  
9.3.4 S u r v e i l l a n c e  
Rad ia t i on  and contami n a t i o n  surveys a r e  conducted t o  assess t h e  c o n d i t i o n  
of a  p a r t i c u l a r  work area. The survey records  should i n c l u d e  t h e  f o l l o w i n g  
i n f o r m a t i o n  as a  minimum: 
da te  and t ime  o f  survey 
s p e c i f i c  l o c a t i o n  o r  o b j e c t  surveyed 
purpose o f  survey 
t ype  and s e r i a l  number o f  survey ins t ruments  
c a l i b r a t i o n  da te  
measurement r e s u l t s  i n c l u d i n g  types o f  r a d i a t i o n  measured 
s i gna tu re  o f  surveyor .  
I f  a i r b o r n e  r a d i o a c t i v i t y  i s  moni tored,  t h e  f o l l o w i n g  i n f o r m a t i o n  should 
be recorded: 
da te  and t i m e  o f  sampl ing 
s p e c i f i c  l o c a t i o n  a t  which t h e  a i r  sample was c o l l e c t e d  
purpose o f  sample 
t ype  o f  sample c o l l e c t i o n  equipment used 
f l o w  r a t e ,  d u r a t i o n  o f  sampling, and t o t a l  volume sampled 
c o l l e c t i o n  e f f i c i e n c y  
coun t i ng  data:  background, source count,  gross count,  n e t  count,  coun t i ng  
t ime,  t ype  o f  coun t i ng  equipment, c a l i b r a t i o n  da te  
c a l c u l a t e d  concen t ra t i on  o f . a i r b o r n e  r a d i o a c t i v e  m a t e r i a l ,  t ype  o f  
r a d i a t i o n  
s i gna tu re  o f  surveyor .  
9.4 RECORD RETENTION 
The minimum retention period fo r  a l l  radiation protection records should 
be two years. However, because records relating t o  personnel exposure have 
both sc i en t i f i c  and legal implications, the following records for  each indivi- 
dual should be kept unti 1 the Nuclear Regulatory Conimi ssion authorizes di sposi - 
tion (10 CFR 20.401): 
internal and external exposure rcords 
calibration data associated with evaluation of the individual 's  exposure 
records of procedures and methods used to  interpret  and evaluate the indi- 
vidual ' s exposure 
records which describe the radiological conditions to  which personnel may 
have been exposed, i . e . ,  survey reports, a i r  monitoring resu l t s ,  e tc .  
records describing unusual occurrences in which the individual was 
involved. 
Records can be kept as hard copy (paper), or on microfilm or microfiche. 
The main considerations in choosing which method of retention t o  use are: 
(1) the storage space needed for  the number of records generated, ( 2 )  the ease 
of accessibi l i ty  to  the stored information that  each type of record provides, 
and (3)  the admissibility of each type of record as evidence in a court of 
law. 
An extensive records system kept as hard copy could involve many tons of 
paper and take u p  a l o t  of space. Easy access to  such a system would require 
an excellent centralized f i l i ng  system. For a small waste operation with 
relatively few records, hard-copy f i l e s  would be practical.  More over, in 
terms of legal applications, hard copy i s  often the preferred method of 
records presentation; in a court of law, evidence on original hard copy i s  
d i f f i c u l t  t o  dispute. Microfilm or microfiche of the original copy would be 
an acceptable substi tute.  
If computer storage i s  used, space must be a l lo t ted  for  the computer 
i t s e l f ,  a terminal, and storage of the discs or tapes. I t  i s  d i f f i cu l t  to  
guarantee that  a computer program or data has not been tampered with, and the 
data records cannot be signed as a way to  verify a record or a change in a 
record. To stand u p  as legal evidence, computer entr ies  should be verified 
upon entry,  and access to  the computer s t r i c t l y  controlled. Therefore, i t  i s  
not recommended that  computer records be the primary record storage b u t  only 
used as a backup to  hard copy, microfilm or microfiche. 
9.5 RECOMMENDATIONS 
T h i s  chap te r  has o u t l i n e d  t h e  areas o f  procedure forn ia t ,  procedure update 
and rev iew,  documentat ion,  and r e c o r d  r e t e n t i o n  f o r  r a d i a t i o n  p r o t e c t i o n  p ro-  
grams a t  LLW d i sposa l  s i t e s .  The ma jo r  recommendations made f o r  program 
adequacy were: 
R a d i a t i o n  p r o t e c t i o n  procedures shou ld  be rev iewed and updated as neces- 
sary ,  every  two years  as a  minimum. 
The p r ima ry  r e c o r d  keeping system should  c o n s i s t  o f  ha rd  copy, m i c r o f i l m ,  
o r  m i c r o f i c h e  records  on ly .  
The minimum r e t e n t i o n  p e r i o d  f o r  a l l  r a d i a t i o n  p r o t e c t i o n  r eco rds  shou ld  
be two years .  
10 CFR 6 1  IMPACT 
Reducing r a d i a t i o n  exposure t o  "as low as reasonably  ach ievab le"  (ALARA) 
should  be t h e  goal  o f  r a d i a t i o n  p r o t e c t i o n  programs a t  l ow- leve l  waste (LLW) 
d i sposa l  s i t e s .  The importance o f  m a i n t a i n i n g  exposures ALARA t o  t h e  workers 
( occupa t i ona l )  and t h e  genera l  p u b l i c  i s  recognized and emphasized i n  10 CFR 
P a r t  61.43 ( l i c e n s i n g  requi ren ients  f o r  l a n d  d i sposa l  o f  r a d i o a c t i v e  waste) and 
i n  10 CFR 20 (Standards f o r  P r o t e c t i o n  Aga ins t  Rad ia t i on ) .  
P a r t  61 a p p l i e s  t o  t h e  near  su r f ace  l a n d  d isposa l  o f  LLW and does n o t  
* 
e l abo ra te  on o t h e r  o p t i o n s  such as sea o r  e x t r a t e r r e s t r i a l  d i sposa l .  As 
de f i ned  i n  t h i s  r e g u l a t i o n ,  near  su r f ace  l a n d  d isposa l  means t h e  d i sposa l  o f  
LLW i n  o r  w i t h i n  t h e  upper 30 meters o f  t h e  e a r t h ' s  su r face .  I n  a d d i t i o n ,  LLW 
i s  d e f i n e d  t o  be r a d i o a c t i v e  waste n o t  c l a s s i f i e d  as h i g h- l e v e l  waste, t r a n s -  
u r a n i c  waste, spent  nuc lea r  f u e l  , o r  byproduct  m a t e r i a l  . C l a s s i f i c a t i o n  o f  
waste i s  d iscussed i n  d e t a i l  i n  Sec t i on  10.1 o f  t h i s  document. 
The e f f e c t i v e  l i f e t i m e  o f  an LLW d i sposa l  s i t e  can be broken down i n t o  
t h e  f o l l  owing f i v e  phases: (1) p reope ra t i ona l  , ( 2 )  o p e r a t i o n a l  , ( 3 )  c l osu re ,  
( 4 )  pos t c l osu re ,  and ( 5 )  i n s t i t u t i o n a l  c o n t r o l .  The d i scuss ion  i n  t h e  r e s t  o f  
t h i s  chap te r  w i l l  be p r i m a r i l y  concerned w i t h  t h e  o p e r a t i o n a l  phase and, i n  
p a r t i c u l a r ,  t h e  occupa t iona l  exposures r ece i ved  d u r i n g  t h i s  phase. Th i s  opera-  
t i o n a l  phase i s  d e f i n e d  as t h a t  t ime  p e r i o d  i n  which t h e  LLW r e c e i p t  and d i s -  
posal  ope ra t i ons  a re  c a r r i e d  ou t .  
The s t a b i l i t y  o f  t h e  LLW d i sposa l  s i t e  over  t h e  l o n g  te rm i s  impo r tan t  t o  
ensure con t inued  s i t e  i n t e g r i t y .  Th i s  i n  t u r n  reduces t h e  p o t e n t i a l  f o r  
m i g r a t i o n  and t r a n s p o r t  o f  r a d i o a c t i v e  m a t e r i a l  t o  o f f s i t e  areas. The o v e r a l l  
goal  i s  t o  ensure t h e  p r o t e c t i o n  o f  t h e  p u b l i c  h e a l t h  and sa fe t y .  A t ta inment  
of t h i s  goal  f a l l s  i n t o  two t ime  frames: ( 1 )  t h e  sho r t - t e rm  ope ra t i ona l  phase, 
and ( 2 )  t h e  long- te rm a f t e r - ope ra t i ons- cease  phase. The most impo r tan t  per-  
formance o b j e c t i v e ,  as o u t l i n e d  i n  10 CFR 61, i s  t h e  long- te rm performance o f  
t h e  l a n d  d i sposa l  f a c i  1  i ty  a f t e r  ope ra t i ons  cease. Th i s  long- te rm o b j e c t i v e  
i s  g i ven  a  much g r e a t e r  emphasis than  sho r t - t e rm  o b j e c t i v e s .  The emphasis 
t h a t  i s  p laced  on t h e  long- te rm performance o b j e c t i v e  o f  10 CFR 61 i s  under-  
standable.  The p r o t e c t i o n  o f  t h e  p u b l i c  h e a l t h  and s a f e t y  over  t h e  long- te rm 
i s  impo r tan t  and shou ld  be emphasized. However, as no ted  i n  10 CFR 61  
emphasis must a l s o  be g i ven  t o  sho r t - t e rm  exposures. The f o l l o w i n g  d i scuss ion  
w i l l  focus on severa l  requ i rements  o f  10 CFR 61 and t h e i r  importance f r om an 
ALARA v iewpo in t .  ALARA recommendations w i l l  a l s o  be discussed. 
Subpart  D o f  10 CFR 61  descr ibes  t h e  t e c h n i c a l  requ i rements  f o r  l a n d  d i s -  
posal  o f  LLW. I n  p a r t i c u l a r ,  Sec t i on  61.52(a) d iscusses near  su r f ace  d isposa l  
f a c i l i t y  ope ra t i on  and d i sposa l  s i t e  c l osu re .  Subsect ions ( 4 )  and ( 5 )  of 
61.52(a) s t a t e :  
( 4 )  Waste must be emplaced i n  a  manner t h a t  ma in ta i ns  t h e  package i n t e g -  
r i t y  d u r i n g  emplacement, min imizes t h e  v o i d  spaces between packages, 
and pe rm i t s  t h e  v o i d  spaces t o  be f i l l e d .  
( 5 )  Void  spaces between waste packages must be f i l l e d  w i t h  e a r t h  o r  o t h e r  
m a t e r i a l  t o  reduce f u t u r e  subsidence w i t h i n  t h e  f i l l .  
The f o l l o w i n g  d i scuss ion  covers  t h e  areas of :  (1) segrega t ion  o f  LLW, 
( 2 )  placement o f  LLW con ta i ne rs ,  ( 3 )  v o i d  spaces, and ( 4 )  a1 t e r n a t i v e  LLW con- 
t a i n e r s .  These d i scuss ions  w i l l  be based on t h e  occup t i ona l  exposures t h a t  
may r e s u l t  f rom 10 CFR 61  c r i t e r i a  and t h e  a p p l i c a t i o n  o f  ALARA p r i n c i p l e s  t o  
reduce them. 
10.1 SEGREGATION OF LLW 
The r a d i o a c t i v e  waste b u r i e d  a t  a  d i sposa l  s i t e  i s  t y p i c a l l y  n o t  a  homo- 
geneous m ix tu re .  Therefore,  t h e  e v a l u a t i o n  o f  any waste d i sposa l  s i t e  and t h e  
a p p l i c a t i o n  o f  ALARA p r i n c i p l e s  should  i n c l u d e  c o n s i d e r a t i o n  o f  t h e  t o t a l  
impacts f rom a l l  waste d isposed o f  a t  t h e  d i sposa l  s i t e  even i f  n o t  covered 
under r e g u l a t o r y  a u t h o r i t y .  These wastes may i n c l u d e  byproduct ,  source, 
s p e c i a l  n u c l e a r  m a t e r i a l ,  and n a t u r a l l y  o c c u r r i n g  and a c c e l e r a t o r  produced 
m a t e r i a l .  As g i ven  i n  r e g u l a t o r y  guidance, these  m a t e r i a l s  a r e  d e f i n e d  t o  be: 
"Byproduct Ma te r i  a1 " means any r a d i o a c t i v e  m a t e r i a l  (excep t  s p e c i a l  
nuc l ea r  m a t e r i a l  ) y i e l d e d  i n  o r  made r a d i o a c t i v e  by  exposure t o  t h e  
r a d i a t i o n  i n c i d e n t  t o  t h e  process o f  produc ing o r  u t i l i z i n g  s p e c i a l  
nuc l ea r  m a t e r i a l .  
"Source M a t e r i a l "  means: ( 1 )  uranium o r  thor ium,  o r  any combinat ion 
t h e r e o f ,  i n  any p h y s i c a l  o r  chemical  f o rm  o r  ( 2 )  o res  which c o n t a i n  
by we igh t  one- twent ie th  o f  one percen t  (0.05%) o r  more o f  uranium, 
t ho r i um  o r  any combinat ion t h e r e o f .  
Spec ia l  Nuc lear  M a t e r i a l "  means: ( 1 )  p lu ton ium,  uranium-233, 
uranium en r i ched  i n  t h e  i so tope  233 o r  i n  t h e  i s o t o p e  235, and any 
o t h e r  m a t e r i a l  which t h e  Commission determines t o  be s p e c i a l  n u c l e a r  
m a t e r i a l ,  o r  ( 2 )  any m a t e r i a l  a r t i f i c i a l l y  en r i ched  by  any o f  t h e  
fo rego ing .  
Sect ions 61.55 and 61.56 f u r t h e r  c l a s s i f y  LLW by phys i ca l  and chemical  
fo rm and a c t i v i t y  l e v e l s .  Th i s  i s  done i n  o r d e r  t o  h e l p  ach ieve a  more s t a b l e  
waste f o rm  and t hus  a  more s t a b l e  waste s i t e .  The waste c l a s s i f i c a t i o n  system 
a l l o w s  f o r  t h r e e  ca tego r i es :  (1) Class A waste, ( 2 )  Class B waste, and ( 3 )  
Class C waste. As d e f i n e d  i n  10 CFR 61.55(a) ( 2 ) ,  Tables 1 and 2  n o t  shown: 
( i )  Class A waste i s  waste t h a t  i s  u s u a l l y  segregated f r om o t h e r  waste 
c lasses  a t  t h e  d i sposa l  s i t e .  The phys i ca l  f o rm  and c h a r a c t e r i s -  
t i c s  o f  Class A waste must meet t h e  minimum requi rements  s e t  f o r t h  
i n  9 61.56(a).  I f  Class A  waste a l s o  meets t h e  s t a b i l i t y  r e q u i r e -  
ments s e t  f o r t h  i n  § 61.56(b),  i t  i s  n o t  necessary t o  segregate 
t h e  waste f o r  d i sposa l .  
( i i )  Class B waste i s  waste t h a t  must meet more r i g o r o u s  requi rements 
on waste fo rm t o  ensure s t a b i l i t y  a f t e r  d i sposa l .  The phys i ca l  
form and c h a r a c t e r i s t i c s  o f  Class B waste must meet b o t h  t h e  m i n i -  
mum and s t a b i l i t y  requi rements s e t  f o r t h  i n  § 61.56. 
( i i i )  Class C waste i s  waste t h a t  n o t  o n l y  must meet more r i g o r o u s  
requi rements on waste fo rm t o  ensure s t a b i l i t y  b u t  a l s o  r e q u i r e s  
a d d i t i o n a l  measures a t  t h e  d i sposa l  f a c i l i t y  t o  p r o t e c t  a g a i n s t  
i n a d v e r t e n t  i n t r u s i o n .  The phys i ca l  fo rm and c h a r a c t e r i s t i c s  o f  
Class C waste must meet bo th  t h e  minimum and s t a b i l i t y  r e q u i r e -  
ments s e t  f o r t h  i n  3 61.56. 
( i v )  Waste t h a t  i s  n o t  g e n e r a l l y  acceptable f o r  near- sur face d isposa l  
i s  waste f o r  which waste form and d isposa l  methods must be d i f f e r -  
en t ,  and i n  general  more s t r i n g e n t ,  than those s p e c i f i e d  f o r  Class 
C waste. I n  t h e  absence o f  s p e c i f i c  requi rements i n  t h i s  p a r t ,  
proposals  f o r  d isposa l  o f  t h i s  waste may be submi t ted  t o  t h e  Commis- 
s i o n  f o r  approval ,  pursuant  t o  § 61.58 o f  t h i s  p a r t .  
One way t o  reduce exposures i s  t o  ensure t h a t  t he  waste does n o t  need t o  
be r e s o r t e d  a t  t h e  d isposa l  s i t e  because o f  waste c l a s s i f i c a t i o n  mix ing .  It 
should be t h e  r e s p o n s i b i l i t y  o f  t h e  waste generators  t o  ensure t h a t  t h e  waste 
has been p r o p e r l y  so r t ed  p r i o r  t o  packaging ( a l s o  t h a t  v o i d  spaces i n s i d e  
waste con ta ine rs  a r e  min imized o r  f i l l e d ) .  A waste genera to r  t h a t  produces 
LLW o f  more than  one c l a s s i f i c a t i o n  should s e t  up a  program t o  t r a i n  employees 
i n  how t o  c l a s s i f y  and s o r t  waste w i t h  t h e  l e a s t  amount o f  occupat iona l  
exposure and t o  emphasize i t s  importance. One method f o r  ope ra t i ona l  c o n t r o l  
i s  t o  p rov ide  m u l t i p l e  waste con ta iners ,  l a b e l e d  o r  c o l o r  coded f o r  each 
c l a s s i f i c a t i o n  o f  waste, and r e q u i r e  t h e i r  use. The workers would then  be 
i n s t r u c t e d  i n  t h e  p roper  d isposa l  o f  each t ype  o f  LLW. A u n i v e r s a l  coding o r  
l a b e l i n g  system should be used th roughout  t he  i n d u s t r y .  Co lo r  coding i s  p re-  
f e r r e d  because i t  would a l l o w  LLW c l a s s i f i c a t i o n  i d e n t i f i c a t i o n  f rom a  d i s -  
tance which would be c o n s i s t e n t  w i t h  ALARA. 
PLACEMENT OF LLW CONTAINERS 
The placement o f  LLW con ta ine rs  i n  t h e  b u r i a l  t r e n c h  i s  performed by a  
s e l e c t  group o f  s i t e  personnel c a l l e d  t r e n c h  workers. These personnel r e c e i v e  
a  l a r g e  p o r t i o n  o f  t h e  s i t e ' s  month ly  occupat iona l  exposure and i t  i s  impo r tan t  
t o  min imize t h i s  exposure. P resen t l y ,  t h e  t r ench  workers deal  w i t h  many d i f -  
f e r e n t  t ypes  o f  waste con ta ine rs  i n c l u d i n g  55- ga l lon  drums, sh ie l ded  casks, 
and wooden and metal  boxes. The v a r i e t y  o f  con ta ine r  types i s  shown i n  
F igure  23. 
FIGURE 23. V a r i a t i o n  o f  Waste Conta iner  Types 
Sec t i on  61 .52(a ) (4 )  o f  10 CFR P a r t  61  covers t h e  s u b j e c t  o f  LLW c o n t a i n e r  
placement, and s ta tes :  
"Waste must be emplaced i n  a  manner t h a t  ma in ta ins  t h e  package i n t e g -  
r i t y  d u r i n g  emplacement, and min imizes t h e  v o i d  spaces between pack- 
ages, and pe rm i t s  t h e  v o i d  spaces t o  be f i l l e d . "  
Wi th  p resen t  opera t ions ,  v o i d  spaces a r e  minimized and e a s i l y  f i l l e d  
th rough severa l  p r a c t i c e s .  To accompl ish t h i s ,  boxes may be s tacked one l a y e r  
a t  a  t ime. Most o f  t h i s  ope ra t i on  can be done remote ly  t o  min imize exposure 
t o  t h e  t r e n c h  workers.  Th i s  method n o t  o n l y  he lps  min imize v o i d  spaces b u t  
t h e  r e s u l t i n g  w a l l  o f  s tacked con ta ine rs  can be used as s h i e l d i n g  ( i f  t h e  
r a d i a t i o n  f i e l d s  f r om t h e  con ta ine rs  a r e  low) .  F i gu re  24 shows how a  w a l l  o f  
s tacked boxes has been cons t ruc ted  t o  h e l p  c o n t a i n  t h e  waste behind i t  and 
a l s o  t o  p r o v i d e  r a d i a t i o n  s h i e l d i n g  t o  t h e  r e s t  o f  t h e  t rench .  Th i s  i s  recom- 
mended as a  good ALARA p r a c t i c e .  Conversely, casks and drums a r e  n o t  e a s i l y  
s tacked and l a r g e  v o i d  spaces e x i s t  due t o  t h e i r  c y l i n d r i c a l  shape. F i f t y -  
f i v e  g a l l o n  drums may be prestacked on wooden p a l l e t s  and secured i n  p l ace  by 
wooden s i d e  bars  o r  cables.  However, t h i s  may n o t  reduce t h e  t o t a l  exposure 
f o r  b u r i a l ,  b u t  s h i f t  t h e  occupat iona l  exposure f rom t h e  t r e n c h  workers  t o  t h e  
waste generator employees. To minimize occupational exposures, it is essen- 
tial that ALARA or operational controls be implemented. The following dis- 
cussion covers possible methods and equipment to be used. These include: 
( 1 )  alternative shaped LLW containers, (2 )  shielded containers, (3)  prestacked 
LLW containers, (4 )  remote hand1 ing equipment, and (5) preplanning and 
mock-ups. 
The use of alternative shaped LLW disposal containers can be beneficial 
to reduce occupational exposures to ALARA. Square or rectangular containers 
would be preferred because of their stability for stacking in a gravitational 
field and the minimization of void spaces upon stacking. Alternative LLW con- 
tainers are discussed in more detail in Sections 10.3 and 10.4 of this 
document. 
The use of shielded LLW disposal containers may allow lower exposures for 
the same handling time. This could significantly reduce exposures during the 
placement of containers. It is recommended that shielded containers be used 
whenever practicable. However, this option may not be economically feasible. 
FIGURE 24. Use of Container Stacking for Radiation Shielding 
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When u s i n g  LLW d i sposa l  con ta ine rs  t h a t  a r e  n o t  e a s i l y  placed, i t  may be 
advantageous t o  p res tack  and secure them b e f o r e  b u r i a l .  An example o f  t h i s  
t ype  o f  c o n t a i n e r  i s  t h e  s tandard 55- ga l lon  drum. Th i s  method o f  p r e s t a c k i n g  
i s  c u r r e n t l y  be ing  used t o  h e l p  ensure s t a b i l i t y  d u r i n g  t r a n s p o r t  f r om t h e  
waste genera to r  t o  t h e  LLW d isposa l  s i t e .  F i gu re  25 shows p res tacked  p a l l e t s  
o f  55- ga l lon  drums p laced  i n  a  t rench .  As d iscussed above f o r  boxes, t h e  
prestacked w a l l  o f  drums p rov ides  a  r e t a i n i n g  w a l l  i n  a d d i t i o n  t o  a  r a d i a t i o n  
s h i e l d i n g  w a l l .  However, no a n a l y s i s  o f  p o t e n t i a l  exposure sav ings has been 
made. Consequently, ALARA eva lua t i ons  shou ld  be performed on a  case-by-case 
bas is .  
The approach t h a t  appears t o  have t h e  g r e a t e s t  p o t e n t i a l  t o  reduce expo- 
sures t o  ALARA i s  by u s i n g  remote hand l i ng  devices. T h i s  t y p e  o f  equipment, 
depending upon i t s  s o p h i s t i c a t i o n ,  may a c t u a l l y  decrease p resen t  occupat iona l  
exposures t o  t r e n c h  workers.  The remote hand l i ng  dev ices should be capable o f  
p l a c i n g  t h e  LLW waste con ta ine rs  i n  p o s i t i o n  i n  t h e  t r e n c h  and r e l e a s i n g  i t s  
h o l d  w i t h  no hands-on ass i s tance  f r om personnel .  A t  p resen t ,  t h e  ma jo r  d i s -  
advantages o f  t h i s  approach a r e  c o s t  and a v a i l a b i l i t y  o f  s t a t e - o f - t h e - a r t  
equipment. F i gu re  26 shows one example o f  a  c u r r e n t l y  used remote hand l i ng  
system f o r  55- ga l lon  drums and d e p i c t s  t h e  end r e s u l t  o f  placement. 
FIGURE 25. Prestacked P a l l e t s  o f  55-Gal lon Waste Drums 
FIGURE 26. Example o f  C u r r e n t l y  Used Remote Handl ing Device 
The most c o s t  e f f e c t i v e  exposure r e d u c t i o n  o p t i o n  f o r  LLW emplacement i s  
p rep lann ing  and mock-up t r a i n i n g .  B e n e f i c i a l  a t  any t ime,  p rep lann ing  and 
mock-up t r a i n i n g  would be most e f f e c t i v e  when hand l i ng  h i g h  a c t i v i t y  LLW o r  
unusual shapes o r  s i zes  o f  d i sposa l  con ta iners .  Mock-ups a r e  n o t  o n l y  u s e f u l  
t o  t r a i n  equipment ope ra to r s  and waste hand le rs  b u t  a l s o  as t e s t i n g  dev ices 
f o r  t h e  personnel r espons ib l e  f o r  development o f  waste hand l i ng  procedures. 
Preplanning and mock-up t r a i n i n g  a r e  recommended, espec ia l  l y  i f  a1 t e r n a t e  waste 
con ta iners ,  sh ie l ded  con ta iners ,  p res tacked  con ta iners ,  and remote hand l i ng  
dev ices a r e  developed t o  reduce exposures t o  ALARA. 
10.3 VOID SPACES 
A v o i d  by  d e f i n i t i o n  i s  a  space t h a t  i s  empty o f  m a t e r i a l .  There a r e  two 
types o f  vo ids  t h a t  a r e  o f  i n t e r e s t  i n  t h e  d isposa l  o f  LLW. The f i r s t  t ype  i s  
t h e  v o i d  i n s i d e  t h e  waste c o n t a i n e r  r e s u l t i n g  f r om incomplete f i l l i n g  o f  t h e  
con ta iner .  The second t ype  i s  t h e  v o i d  c rea ted  when t h e  waste c o n t a i n e r  does 
n o t  p e r f e c t l y  match ad jacen t  con ta ine rs  when emplaced. For  example, 55- ga l lon  
drums, because o f  t h e i r  c y l i n d r i c a l  shape, leave  s i g n i f i c a n t  vo ids  when 
emplaced i n  mu1 t i p l e  rows. 
Sec t ion  61.52(a)(5) o f  10 CFR P a r t  61  covers t h e  s u b j e c t  o f  v o i d  spaces 
between waste con ta iners ,  and s ta tes :  
"Vo id  spaces between waste packages must be f i l l e d  w i t h  e a r t h  o r  o t h e r  
m a t e r i a l  t o  reduce f u t u r e  subsidence w i t h i n  t h e  f i l l  ." 
Recent ly ,  t h e r e  has been a  concer ted  e f f o r t  t o  fill t h e  v o i d  spaces between 
waste c o n t a i n e r s  and t o  reduce, where poss ib l e ,  t h e  v o i d  spaces i n s i d e  waste 
con ta i ne rs .  The f o l l o w i n g  d i s c u s s i o n  covers  methods and equipment t o  be used 
f o r  f i l l i n g  v o i d  spaces. These i n c l u d e  vo ids  i n s i d e  c o n t a i n e r s  and vo ids  
between con ta i ne rs .  
The f i l l i n g  o f  v o i d  spaces i n s i d e  LLW c o n t a i n e r s  i s  ve r y  impo r tan t .  W i t h  
t ime ,  t h e  waste c o n t a i n e r ' s  w a l l s  w i l l  n o t  be a b l e  t o  suppo r t  t h e  we igh t  o f  
t h e  LLW and e a r t h  f i l l  above t h e  c o n t a i n e r .  I f  vo ids  e x i s t  i n s i d e  t h e  con- 
t a i n e r ,  subsidence w i l l  o ccu r  i n c r e a s i n g  t h e  p o t e n t i a l  f o r  r a d i o a c t i v e  mate- 
r i a l  m i g r a t i o n .  To ensure t h a t  t h i s  p o t e n t i a l  i s  min imized,  t h e  v o i d  spaces 
i n s i d e  t h e  c o n t a i n e r  shou ld  be f i l l e d .  T h i s  i s  b e s t  done by  t h e  waste gene- 
r a t o r .  The waste genera to r  shou ld  make every  e f f o r t  t o  separate  compactable 
waste f r om  o t h e r  waste. The compactable waste may then  be p l aced  i n  waste 
c o n t a i n e r s  (usua l  l y  55-gal  l o n  drums) and compacted t o  m in im ize  v o i d  space. 
The noncompact ib le  waste shou ld  be packaged so t h e  vo ids  a r e  f i l l e d  w i t h  
m a t e r i a l  d u r i n g  t h e  l o a d i n g  ope ra t i on .  Var ious f i l l  m a t e r i a l s  may be used. 
Some recommended p r o p e r t i e s  f o r  fill m a t e r i a l s  are:  
f i n e  g r a i n  
u n i f o r m  cons i s t ency  
p r o v i d e  s t r e n g t h  
innocuous 
e a s i l y  ob ta i ned  
r e l a t i v e l y  inexpens ive  
I t  must be emphasized t h a t  f i l l i n g  o r  compact ing waste c o n t a i n e r  con ten t s  may 
i nc rease  t h e  p o t e n t i a l  f o r  e x t e r n a l  o r  i n t e r n a l  exposure t o  t h e  waste gene ra to r  
employee. I n  each case, t h e  RSO and t h e  r a d i a t i o n  p r o t e c t i o n  s t a f f  need t o  
ensure t h a t  s h i e l d i n g ,  p r o t e c t i v e  dev ices,  p rep lann ing  and mock-up t r a i n i n g  
have been used wherever f e a s i b l e  t o  reduce exposures t o  ALARA. 
The f i l l i n g  o f  v o i d  spaces between LLW con ta i ne rs  i s  a l s o  i m p o r t a n t  t o  
reduce subsidence and t h e  p o t e n t i a l  o f  r a d i o a c t i v e  m a t e r i a l  m i g r a t i o n .  There 
a re  two methods recommended t o  fill v o i d s  between c o n t a i n e r s  a f t e r  emplacement 
i n  t h e  t r ench .  These a re :  l a y e r i n g  o f  waste and f i l l i n g  w i t h  remote ly  
opera ted  equipment. Laye r i ng  of waste means t o  p l ace  a  s i n g l e  l a y e r  o f  waste 
con ta i ne rs  on t h e  f l o o r  o f  t h e  t r e n c h  and f i l l  t h e  v o i d  spaces b e f o r e  t h e  n e x t  
l a y e r  o f  c o n t a i n e r s  i s  p u t  down. Th i s  makes t h e  f i l l i n g  o f  v o i d  spaces r e l a -  
t i v e l y  easy and forms a  l e v e l  f ounda t i on  f o r  t h e  n e x t  l a y e r  o f  con ta i ne rs .  I f  
remote ly  opera ted  f i l l i n g  equipment i s  used i n  c o n j u n c t i o n  w i t h  t h i s  method, 
t h e  occupa t i ona l  exposures may be g r e a t l y  reduced. Remotely opera ted  f i l l i n g  
equipment as d e f i n e d  here  i s  t h a t  equipment capable  t o  t r a n s p o r t  f i l l  m a t e r i a l  
t o  t h e  vo ids  w i t h  min imal  o r  no at tendance o f  workers.  Equipment t h a t  may 
meet t h i s  c r i t e r i a  c o u l d  be based on pumping, vacuum, o r  conveyor techniques.  
I n  a d d i t i o n  t o  t h e  fill m a t e r i a l  p r o p e r t i e s  recommended p r e v i o u s l y ,  f i l l  mate- 
r i a l  f o r  remote f i l l i n g  ope ra t i ons  shou ld  be easy t o  move. I n  o t h e r  words, i t  
must be capable  o f  be i ng  pumped o r  drawn th rough  hoses o r  c a r r i e d  a l ong  con- 
d u i  t s .  As ment ioned p r e v i o u s l y ,  t h e  use o f  r e c t a n g u l a r  LLW d i sposa l  c o n t a i n e r s  
can min im ize  t h e  f i l l i n g  e f f o r t .  
The p r ima ry  disadvantages o f  remote f i l l i n g  equipment a r e  c o s t  and a v a i l -  
a b i l i t y  o f  s t a t e - o f - t h e - a r t  equipment. 
10.4 ALTERNATIVE LLW CONTAINERS 
One a l t e r n a t i v e  i s  t h e  use o f  r e c t a n g u l a r  b u r i a l  con ta ine rs  f o r  LLW. The 
two p r imary  advantages o f  r e c t a n g u l a r  con ta ine rs  a re :  t h e  ease o f  placement 
and m in im iz i ng  o f  v o i d  spaces. 
The f o l l o w i n g  p r o p e r t i e s  should be cons idered i n  t h e  des ign o f  r e c t a n g u l a r  
waste con ta ine rs :  
a s h i e l d i n g  
a easy t o  handle by crane o r  f o r k l i f t  
capable o f  i n t e r l o c k i n g  w i t h  o t h e r  con ta ine rs  f o r  s t a b i l i t y  
a s t r u c t u r a l  s t r e n g t h  
a ease o f  f i l l i n g  v o i d  spaces. 
The p r ima ry  disadvantages o f  us i ng  r e c t a n g u l a r  con ta ine rs  are:  cos t ,  a v a i l -  
a b i l i t y ,  s t r u c t u r a l  s t r e n g t h  as compared t o  c y l i n d e r s ,  and " o p p o s i t i o n  t o  
change" f rom users and suppl i e r s .  
10.5 CONCLUSIONS 
ALARA programs a r e  p r e s e n t l y  implemented a t  waste genera to r  l o c a t i o n s  
and, more i m p o r t a n t l y  a t  LLW d i sposa l  s i t e s .  Subjects  t h a t  need t o  be 
addressed by waste generators  i n  connect ion w i t h  implementat ion o f  P a r t  61 
i nc l ude :  
a segrega t ion  o f  waste 
a f i l l i n g  o f  v o i d  spaces i n s i d e  waste con ta jne rs  
a use o f  sh ie l ded  LLW con ta iners .  
Subjects  t h a t  need t o  be addressed by LLW d isposa l  s i t e  opera to rs  i nc l ude :  
a c o l o r  coding o f  Class A, B, and C waste con ta ine rs  
a use o f  remote hand l i ng  dev ices 
use o f  p rep lann ing  and mock-up t r a i n i n g  f o r  waste emplacement 
use o f  remote f i l l i n g  equipment 
use o f  s h i e l d i n g ,  prep lanning,  and mock-up t r a i n i n g  f o r  f i l l i n g  between 
waste con ta ine rs  
a use o f  va r i ous  shaped LLW con ta ine rs .  
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